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A review of present day knowledge of the pulmonary circulation in man is presented. In particular 
the state of the lesser circulation in normal man at rest and under conditions of exercise and acute 
anoxia is defined in detail in order to provide the physiologic background against which to present 
the accumulated data in patients with certain types of chronic cardiopulmonary diseases. 


Wisdom of the Body, the late Dr. Walter 

Cannon described with a wealth of detail 
and a dash of philosophy the complex agencies 
which help maintain homeostasis in the systemic 
circulation. He pictured the intricate mecha- 
nism controlling blood flow to the various re- 
gional capillary systems under condition of 
stress, so that the needs of the cells are sup- 
plied. The pulmonary circulation, with which 
we are concerned, is unique among the re- 
gional circulations in that it supplies blood 
toa capillary system in intimate contact with 
the environmental atmosphere. Spread out in 
the extremely thin walls of the pulmonary 
alveoli, whose volume is cyclically modified, 
covering a surface of approximately 65 square 
meters, the pulmonary capillary bed is the site 
0! a “very fascinating interplay of physico- 
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chemical processes,” whereby ‘‘carbon dioxide 
is hustled out of the blood” into the alveolar air, 
“in order to make place for the incoming oxy- 
gen.’ Has it any need for a complicated regu- 
latory mechanism? How does it respond to 
changes occurring in the environment? These 
are questions of interest to the philosopher, 
the physiologist and the clinician. 

Our intent tonight is to bring up to date our 
knowledge of the pulmonary circulation in man, 
a system whose distinctive dynamic character- 
istics are intimately conditioned by the elastic 
structures in which it lies and which serves a 
single-purposed physicochemical function, the 
exchange of respiratory gases with the sur- | 
rounding atmosphere. After reviewing the main 
features of the lesser circulation in normal man 
under stable basal conditions, we shall consider 
them under the stress of an increased blood 
flow during exercise, and of a reduced oxygen 
tension in the inspired air. With this back- 
ground we shall turn later to a physiopatho- 
logic problem of great interest to clinicians, 
i.e., an analysis of the mechanism and thera- 
peutic relief of pulmonary hypertension, as it 
is observed in the course of some chronic cardio- 
pulmonary diseases. 
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PULMONARY CIRCULATION IN NorMAL MAN 


In an essay written four years ago,’ experi- 
mental data and observations in man were 
compiled and integrated in a coherent concept. 
Three essential characteristics of the pulmon- 
ary circulation were set apart. 

(1) An equal amount of blood flows through 
the lungs and through the systemic circulation, 
with momentary differences due to the rhyth- 
mic changes associated with breathing. These 
differences are dependent upon the combined 
operation of diaphragmatic motion and of pul- 
monary elastic forces acting in opposite direc- 
tion upon the filling and discharge of each 
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Figc.-1. Schematic representation of blood pressure 
variations in the systemic and in the pulmonary 
circulation of normal man. 


ventricle, and upon the arterial inflow to, and 
the venous outflow from, the lungs. 

(2) Despite the fact that pulmonary flow 
equals systemic blood flow, the pulmonary vas- 
cular bed is a low pressure system. This de- 
pends upon the great distensibility of the wall 
of the main pulmonary artery and of its bran- 
ches, and of the very large capacity and de- 
formability of the arteriolar, precapillary and 
capillary bed. The latter is devoid of tissue 
support, and is exposed over nearly its entire 
surface to atmospheric pressure. A low vascular 
resistance is the essential attribute of the pul- 
monary circulation in man, and one which 


suits well its function. Indeed it is of great 
interest to physiologists that a low pulmonar) 
arterial pressure has been found to be a charac 
teristic not only of mammals, but also of othe: 
vertebrates.* 

(3) Blood distribution through individua! 
parts of the lungs depends on local mechanicai 
conditions rather than on control by th: 
nervous system. It was inferred, mostly from 
indirect evidence, that blood flow takes th: 
path of least resistance, and may be shunted 
away from regions of the lungs where vascula: 
resistance is increased. 

Hence, reliance and emphasis on a mechan- 
ical concept were the order of the day. Although 
later observations, obtained in normal man in 
our laboratory, have provided new ammunition 
to those who hold that vasomotor control plays 
an active role in the regulation of pulmonary 
blood pressures and blood flow, the working 
hypothesis set forth has not, in our opinion, 
exhausted its usefulness. In fact, too little at- 
tention was paid, in this essay, to the consider- 
able role played by the left atrium and ventri- 
cle in the mechanical control of the lesser 
circulation. 

Investigations in progress in many labora- 
tories here and abroad have in the last four 
years advanced our knowledge of the dynamics 
of the pulmonary circulation in normal man. 
We shall now review the data accumulated with 
respect to (1) the blood pressures in the arterial, 
capillary and venous portions of the pulmonary 
circulation, (2) the pulmonary blood volume, 
(3) the effects of increased blood flow upon 
pulmonary arterial pressure, and (4) the in- 
fluence of acute anoxia upon flow and pressure. 

Pulmonary Blood Pressures. Our present day 
knowledge of the blood pressure changes in the 
pulmonary circulation from the origin of the 
pulmonary artery to the left atrium is illustrated 
in figure 1. These changes are contrasted with 
the pressure variations in the systemic circula- 
tion, from the aorta to right atrium. The figures 
for pressures are based on a study of 10 normal 
male adult subjects (table 1), with ages ranging 
from 26 to 47 years, and with a pulmonary 
blood flow averaging 3.1 liters per minute per 
square meter of body surface. The systolic 
diastolic, and mean pressures were respectively, 
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“2, 8, and 13 mm. Hg, almost identical to the 
fgures published by Lagerléf and Werké, in 11 
rormal adult males in the same age group.‘ 
‘“he capillary pressure figure of 5 mm. Hg is 
based on the data obtained by Dexter’s group 
and by the same Swedish investigators, using 
the method originally described by Hellems 
and his co-workers.>~’ This consists in wedging 
the tip of a cardiac catheter into a small branch 
of the pulmonary artery and recording, by ret- 
rograde transmission, the blood pressures in 
the obstructed vascular bed distal to the catheter 
tip, presumably the pressure in the pulmonary 
venous system. The left atrial blood pressure 
figure of 4 mm. Hg is approximately 3 mm. Hg 
higher than the pressure in the right atrium. 
This difference between the pressure in the 
two atria is the same as has been found by us 
in young children with an interatrial septal de- 
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number 7 or double lumen catheters, using 
Hamilton manometers with membranes of 
different sensitivity, and with or without criti- 
cal damping.’ However, the question of fidelity 
of recordings through a catheter, and of the 
optimal conditions which favor adequate re- 
cordings, is beyond the scope of our discussion.” 

In figure 3 are illustrated simultaneous pres- 
sure variations in the pulmonary artery and in 
the venular bed distal to a wedged catheter. 
These are redrawn and superimposed curves, 
from the publication by Lagerléf and Werké.*® 
The pressure rise in the “capillary” curve, 
synchronous with the beginning of pressure 
rise in the pulmonary artery, represents the 
backward transmission of the left atrial systolic 
wave and, therefore, is somewhat delayed as 
compared to the right atrial systolic wave. 
A second pressure rise, reaching a peak late in 


TABLE 1 1.—Measuremenis of the Pulmonary C erculation in #0 Normal Male Adults 


S.D. 


| Mean 


| 37 + 6. 
Oxygen Consumption cc./min./m? 130 +18. 
B.S. 


Brachial Artery BI.Pr. in mm. Hg 


1 


Systolic 
Diastolic 
Mean 


fect and a normal size heart.’ The total drop 
of pressure from the pulmonary artery to the 
left atrium is then at the most 10 mm. Hg, or 
one tenth of the pressure drop from the aorta 
to the right atrium, although the blood flow 
through both systems is equal. It will be noted 
also that the diastolic pressure in the main 
pulmonary artery is within 4 mm. Hg of the 
mean pressure in the left atrium. An approxi- 
mate value of 30 mm. Hg for the protein 
oncotie pressure has been pictured, in order to 
in licate the considerable rise in mean pulmon- 
ary capillary pressure required before filtration 
of fluid through the capillary wall takes place. 

\n example of blood pressure tracings in the 
pulmonary artery is given in figure 2. Tracings 
devoid of too many artefacts are obtained rou- 
tinely in our laboratory, especially ini cases with 
relatively slow heart beats, through number 6, 


| 
1 | Heart Rate 67 
6| 


| Mean 


Cardiae Output lit./min./m? B.S. 3.09 
Pulmonary Artery BI.Pr. in mm. 
Hg 
Systolic 
Diastolic 
Mean 


MM.HG.""W af Nee e 


Fic. 2. Blood pressure tracings in the brachial 
artery and the pulmonary artery. Pulmonary arterial 
pressures recorded through one lumen of a double 
lumen catheter, connected with a Hamilton mano- 


’ meter. No critical damping. 
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systole, is caused presumably by transmission 
of the pulmonary arterial wave. The differen- 
tial pressures between the two pulmonary and 
“capillary” curves suggest that pulmonary cap- 
illary flow is greatest during systole, least at 
the end of diastole and possibly then reversed. 

These cyclic variations are in agreement with 
the direct observations made by Wearn, on the 
pulmonary capillary blood movements.'! Some 
doubt has been expressed whether the pressure 
recorded by this method of wedging is the 
“capillary” pressure. If it is correct that no 
pulmonary or bronchial arterial anastomosis 
exists beyond the plugged artery, and if it is 
assumed that the physical characteristics of 


| | 

Sy || 

1 | | | 
| 


| 


mm. Mercury 








r f sec. 


Normal Heart 

Fic. 3. Simultaneous pressure curves in the pul. 
monary circulation. P.A. = Pulmonary Artery. P.C 
= Pressures recorded after wedging of a catheter in a 
branch of the pulmonary artery—presumably the 
pulmonary “‘capillary” pressure. R.A. = right atrium 
At bottom electrocardiogram, Lead II. Curve re- 
drawn from Lagerléf and Werké.® See text. 


the wall of the vessels, which become part of 
the manometric system, do not affect the pres- 
sure tracings, then the pressures recorded are 
closely related with the pressures in the pul- 
monary venous system. The experimental evi- 
dence gathered by Dexter’s group and the 
pressure recordings published by Lagerlof and 
Werké would seem to confirm this claim of 
validity in the pulmonary circulation of normal 
subjects. However, as normal flow conditions 
are disturbed in the capillaries tributary to the 
wedged artery, the term of “capillary” pressure, 
commonly used, is open to question; venular 
or venous pressure would seem to apply better 
to the resultant dynamic state. 


Examples of pressure curves obtained in the 
left atrium through an interatrial septal defect 
have been published previously.’ They were 
found to be remarkable in that the mean pres- 
sure and the magnitude of cyclic variations 
in the left atrial curve were greater than those 
in the right. These observations suggested to 
us the hypothesis that the left atrium and its 
venous reservoir are less deformable than the 
right. Opdyke, Little and co-workers,!2-" have 
confirmed this hypothesis in their studies of 
dogs and established on a sound experimental 
basis the concept that the static and dynamic 
conditions in both atria are distinct, and in 
particular that for the same volume change the 
rise in pressure in the left atrium is greater 
than in the right. Insofar as our present dis- 
cussion is concerned, the characteristics of the 
left atriovenous system hints at the large pres- 
sure increase which may accompany a slightly 
distended normal atrium. Because of the low 
resistance in the capillary and arteriolar pul- 
monary bed, such increase has obviously im- 
mediate repercussion upon the diastolic pres- 
sure in the pulmonary artery. 

Pulmonary Blood Volume. The fraction of 
the total blood volume distributed in the pul- 
monary circulation was until recently estimated, 
on the basis of experimental data, at approxi- 
mately 10 per cent.? The result of measurements 
in normal man by the dye technic described 
by Ebert and associates,!® and shortly there- 
after by Lagerléf and Werk6,!® would suggest 
that the pulmonary blood volume fraction in 
man is larger than the volume obtained in 
dog by more direct methods. The prevailing 
data, as seen in table 2, put this volume at 
nearly 20 per cent of the total blood volume. 
However, some of the assumptions used in 
order to calculate the pulmonary blood volume 
are open to serious criticism. The volume in the 
capillary bed alone has been placed by Rough- 
ton,? on the basis of carbon monoxide diffusion 
studies, at approximately 60 cc. or 6 per ceni 
of the total pulmonary blood volume; the cor- 
responding capillary figure in the systemic cir- 
culation has been estimated to be about te 
times greater. Thus the rapid replacement c’ 
the capillary blood in the lungs, at a rate c' 
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: bout 100 times a minute serves efficiently the 
reeds of the respiratory gas exchanges. 

Effects of an Increase in Blood Flow upon the 
Pulmonary Artery Pressures. Pulmonary blood 
{ ow and pulmonary artery blood pressures have 
been measured during exercise. In their inves- 
tigation of normal individuals, Hickam and 
Cargill’? and Riley and co-workers'® have in- 
cependently demonstrated that during exercise 
the pulmonary blood pressures do not change. 
Hence this absence of a pressure rise in the 
face of an increased blood flow implies an ex- 
pansion of the vascular bed, either by opening 
of new channels, or widening of those already 
perfused, or a combination of both. In figure 
4 are graphed the results of such studies, first 
in 3 normal young physicians.'* For a purpose 
soon to be clarified, the pressure in the pul- 
monary artery at rest, during moderate and 
during severe exercise, are plotted against blood 
flow through one lung, or half of the total blood 
flow measured. On the same graph are plotted 
the blood flow values obtained in young adults 
with only one normal nondistended lung fol- 
lowing a pneumonectomy.!* In these subjects, 
under basal conditions, blood flow is twice 
that through one lung of a normal individual. 
During mild exercise, the rate of blood flow 
through the single lung exceeds greatly that 
observed in each lung of normal subjects during 
severe exercise. The general form of the curve 
indicates that the pulmonary artery pressure 
is maintained below the upper limit of normal, 
until the flow exceeds approximately three 
times the basal flow. It then increases in a pro- 
gressive fashion beyond this level. This curve 
wth all the limitation which its construction 
entails, represents the dynamic blood flow-pres- 
sire relationship. It should not be confused 
w th the volume-elasticity curves of component 
pirts of the pulmonary vascular system (ar- 
te‘ial, capillary, venous), where increases in 
blood volume are related to pressure incre- 
m:nts. A thorough analysis of factors involved 
in pulmonary artery pressure rise does require 
a <nowledge of both these curves and their in- 
fl.ence one upon another. Hence, some state- 
mnts concerning the role of pulmonary ar- 
te iolar constriction in causing a considerable 
rise in the pulmonary arterial pressure, after 


TaBLE 2.—Distribution of Blood Volume between the 
Pulmonary and Systemic Circulation 


|Pulmonary| : 
. | Systemic 
Circula- | ;:; A 
tion | Circulation 





Capillary Blood Volume in cc....| 60* 
Total Blood Volume in cc........| 990+ 


6 


Capillary Blood Volume 
Total Blood Volume 


x 100.. 


Pulmonary Blood Volume 
~ Total Blood Volume 
Total Blood Volume in cc. 
* Data from Roughton. 
t,Data from Lagerléf and Werko. 
t Usually accepted distribution ratio of total blood 
volume in systemic capillaries. 


X 100 = 
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PULMONARY ARTERY MEAN PRESSURE 

Fic. 4. Flow-pressure relationship in the pul- 
monary artery. O, normal subject at rest. @, normal 
subject during mild exercise. @, normal subject 
during severe exercise. A, subject with pneumonec- 
tomy at rest. A, subject with pneumonectomy during 
mild exercise. N.R. indicates normal range of 
blood flow through one lung. Vertical broken line = 
upper limit of normal mean pulmonary arterial 
pressure. Curve drawn is approximate. For discussion 
see text. 


the pulmonary “capillary” pressure has reached 
a critical level, would seem premature.”° Studies 
of the effects of pulmonary venous congestion 
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and arteriolar sclerosis upon the volume elastic- 
ity and the flow-pressure curves, in a normal 
and in a reduced vascular bed, are greatly de- 
sirable in order to put this question on a less 
hypothetic basis. 

Influence of Acute Anoxia upon Pulmonary 
Blood Flow and Pressures. Sudden changes in 
arterial blood oxygen tension are not, as far as 
we know, part of man’s evolutionary experi- 
ence, unless we include sea-going mammals in 
our ancestry. Until the event of air craft flying, 
human subjects were rarely exposed, except in 
the course of acute pulmonary diseases, to a 
rapid reduction in alveolar air oxygen concen- 
tration. Therefore, such changes in the breath- 
ing mixture create an unusual situation which 
can hardly be considered as a test of physiologic 
adaptation. Whether this adaptation will take 
place in one generation or in a million genera- 
tions, we leave to the decision of the school of 
geneticists which will then prevail. However, 
great interest has arisen from the experimental 
work on cats of Liljestrand and his associ- 
ates,2!-%3 since they demonstrated in 1946 that 
a moderate anoxia, and less strikingly a marked 
carbon dioxide retention, caused pulmonary 
hypertension. From their experiments, there is 
good evidence of a direct influence of low oxy- 
gen tension upon the tone of the small vascular 
channels. The pressure rise in the pulmonary 
artery appears independent of (a) an increase 
in blood flow, (b) backward pressure from the 
left atrium or (c) the nervous control of the 
lung vessels. According to the conclusions of 
Liljestrand and his co-workers, this local effect 
is part of a special mechanism, totally different 
from a nervously integrated regulation, whereby 
local alveolar ventilation and circulation are 
correlated. Thus, a low oxygen tension in 
isolated parts of the lungs would result in the 
shunting away of blood to better ventilated 
alveoli, through a local mechanism of control 
of the arteriolar flow. Liberation of a chem- 
ical substance with constrictor action upon 
the pulmonary venules (histamine?) resulting 
from a low oxygen tension in the alveoli and 
in the surrounding pulmonary tissues might 
well be postulated as a means of explaining a 
local or a general increase in pulmonary vas- 
cular resistance. With Motley and associates* 


we have extended the validity of these obser- 
vations to normal man. One likes to think that 
such a purposeful, homeostatic mechanism 
regulating locally the alveolar ventilation-per- 
fusion relationship exists. However, the ques- 
tion of why in chronic pulmonary disease, 
where this mechanism could be of great value, 
the lack of coordination between local ventil- 
ation and local perfusion is one of the main 
causes of physiologic disorders, must be an- 
swered. Be that as it may, repeated observa 
tions in man indicate that the greater the de. 
gree of acute anoxia, the greater the increase 
in pulmonary artery pressure. 

Acute anoxia also has, in man, an effect upon 
the cardiac output. In previously reported 
studies on the action of acute oxygen want on 
the pulmonary arterial pressures,* we have 
published data which indicated a small reduc- 
tion in blood flow under these conditions. In 
the light of more recent studies, the latter con- 
clusion appears to be inaccurate.** To make use 
of the Fick principle for blood flow calculations, 
it is indispensable that a steady state of gas 
exchange be reached. In the earlier studies this 
was not accomplished, as the time required to 
attain this steady state is much longer than was 
first anticipated. Since particular attention has 
been given to this point, we have established on 
a sounder basis that the cardiac output in- 
creases in proportion to the severity of arterial 
anoxia. The correlation is particularly good 
below a critical level of arterial blood oxygen 
saturation of about 82 per cent. The increase 
in blood flow in normal man, however, is never 
large enough to explain the pulmonary hyper- 
tension which accompanies it. 


PULMONARY CIRCULATION IN SOME CHRONIC 
CARDIOPULMONARY DISEASES 


As we are about to present our views on 
the mechanism of- pulmonary hypertension in 
chronic cardiopulmonary disease, let us con- 
sider briefly how we can, on the basis of our 
discussion so far, simplify our approach to th's 
subject. 

Factors causing pulmonary hypertensio 
may be classified into three groups. 

(1) Factors affecting the volume-elasticit\ 
relationship. They are anatomic or physiologic 
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cr both, and may consist in (a) the reduction 
in the number, caliber and expansibility of the 
small vascular channels, (b) an increase in tone 
(f the venules, of the arterioles or of the larger 
«rteries, and (c) an increase in the pulmonary 
hlood volume. : 

(2) Factors affecting the flow-pressure rela- 
tionship. An increase in blood flow causes pul- 
monary hypertension only if associated with 
any or several of the previous or following 
factors. 

(3) Factors causing an increase in left atrial 
and pulmonary venous pressure and volume. 
These may be due (a) to inadequate emptying 
of the left ventricle, i.e. left ventricular failure, 
(b) to mechanical obstruction at the mitral 
valve impeding the early rapid diastolic ven- 
tricular inflow, (c) to changes in the volume 
elasticity curve of the left atrium due to patho- 
logic modification of its wall, or of the peri- 
cardium. 


Pulmonary Circulation in Chronic Acquired 
Cardiac Disease 


We shall consider first the role of the left 
ventricle and atrium in the production of pul- 
monary hypertension of chronic acquired car- 
diae disease. 

Left Ventricular Failure. The study of pure 
left ventricular failure, by modern physiologic 
methods, has been on the whole rather grati- 
fying. The altered hemodynamics spring from 
a simple abnormality, namely an increase of the 
residual blood volume in the failing ventricle. 
This causes an increase in filling diastolic pres- 
sure, reflected in a rise of pressure and volume 
in the left atrium and the pulmonary veins, and 

ventually transmitted to the pulmonary 
artery.”6 

A few data on pulmonary capillary pressures 
i:ve been reported and lend support to the 
‘oneept that in left ventricular failure the dias- 

lie pressure rise in the pulmonary artery is 
! rectly related to venous and “capillary” pres- 
sire rises. A large number of observations are 

‘w available in the literature and all show an 
ierease in the systolic, diastolic and mean 
}ilmonary artery pressures.®: 17.77 Indirect 
»-idence on the effect of an elevated pulmonary 
‘nous pressure upon the pulmonary artery 


pressure is provided by the studies of our own 
group, directed by Dr. Ferrer and Dr. Harvey, 
on the rapid action of intravenous Digoxin in 
a series of 5 subjects with left ventricular fail- 
ure.” This work is illustrated in the next three 
figures taken from a recent publication. In 
figure 5 are given the data obtained from a man 
with hypertensive heart disease in mild left 
ventricular failure. The control values, before 
the intravenous injection of Digoxin show (a) 
a moderately low output, (b) a low stroke 
volume, (c) a high systolic, mean and diastolic 
pressure in the pulmonary artery, and (d) a 
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Fic. 5. Effect of intravenous Digoxin upon the 
circulation in a patient with hypertensive heart dis- 
ease and left ventricular failure. See text. 

* 
normal end diastolic pressure in the right ven- 
tricle, indicating competence of the right heart. 
As expected, the systemic pressures were ele- 
vated. Starting ten minutes after intravenous 
injection of 1.5 mg. of Digoxin, one notes (a) 
the fall to normal values of the pulmonary ar- 
terial pressures, including the diastolic; (b) the 
marked rise in cardiac output and stroke vol- 
ume; (c) the rise in systemic pressure, and (d) 
the absence of change in the right ventricular 
diastolic pressure. Figure 6 illustrates a similar 
study in a case of rheumatic heart disease with 
mitral stenosis, mitral regurgitation and also 
aortic insufficiency. The changes prior to and 





648 WALTER WILE HAMBURGER MEMORIAL LECTURE 


following acute digitalization are of the same 
order as in the previous case. It was postulated 
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Fic. 6. Effect of intravenous Digoxin upon the cir- 
culation in a patient with rheumatic heart disease 
with left ventricular failure. See text. 
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Fig. 7. Effect of quinidine upon the circulation in 
a patient with rheumatic heart disease and mild left 
ventricular failure. 


that, in both these cases as well as in 3 others, 
a direct action of the drug upon the myocar- 
dium, with an improvement in the emptying of 


the left ventricle, accounted for all the changes. 
Presumably, with a reduction in the residual 
blood volume in the left ventricle and atrium, 
the state of venous congestion was corrected 
and the pulmonary hypertension which re- 
flected it was rectified. It is particularly reveal- 
ing that the pulmonary diastolic pressure in 
both instances returned to normal, thus elimi- 
nating all doubt as to possible interference of 
pulmonary vascular changes or, in the case of 
rheumatic heart disease, of a significant block 
at the mitral valve, or finally of an important 
degree of mitral regurgitation. Aortic insuff- 
ciency in this patient was probably the main 
cause of left ventricular failure. In figure 7 a 
similar response is illustrated in a case of left 
ventricular failure associated with mitral sten- 
osis and insufficiency and aortic insufficiency, 
in which the emptying of the failing left ven- 
tricle was improved by the vasodilator action 
of quinidine® on the systemic arterioles. It will 
be noted that in this case of mitral disease, in 
spite of adequate digitalization, the diastolic 
pressure in the pulmonary artery was still ele- 
vated before the study and returned to a normal 
value after the use of quinidine. At this time the 
left atrium was still very large, although the 
left atrial pressure, of necessity, had returned 
to normal. These studies point to the value of 
pharmacologic tests in the identification of pul- 
monary arterial hypertension caused by pul- 
monary venous hypertension. 

Mitral Stenosis. The question of the relation 
between the size of the left atrium and pul- 
monary hypertension in the course of mitral 
stenosis is apparently complex. Observations 
by Lagerléf and Werké6,® and by our group” 
show that in some cases of pure mitral stenosis 
with enlarged left atrium the pulmonary ar- 
terial pressures may remain normal. However, 
the majority of cases of mitral stenosis do have 
pulmonary hypertension. 

In figure 8, borrowed from the work of Lager- 
l6f and Werké,®* are pictured the changes in the 
pulmonary capillary and arterial pressures 
which may accompany mitral stenosis and re- 
gurgitation, without or with auricular fibrilla- 
tion. In the tracings on the left, both pressure 
appeared markedly elevated. In the pulmonar) 
capillary pressure tracing, the two positiv: 
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vaves are of greater magnitude than is normal: 
he first due presumably to the transmission of 
he left atrial systolic wave, the second to a 
summation of the mitral regurgitation wave 
ind the pulmonary arterial wave travelling in 
ypposite direction. It should be noted also that 
‘n the tracings on the right, picturing arterial 
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mitral stenosis without regurgitation and with 
considerable enlargement of the heart, pul- 
monary edema on very mild activity was 
threatening and auricular fibrillation had been 
present for some time. 

As seen in figure 9, the data for the first 
patient, prior to commissurotomy, indicated 
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Fic. 8. Pulmonary “capillary” pressure curves in two cases of mitral stenosis with insufficiency. 
Left: Note high pressures and the two distinct positive waves. Right: Note high pressures and only one 
positive wave in a case with auricular fibrillation. Curves are drawn from Lagerléf and Werké.® For 


discussion see text. 


and_ capillary pressures in a similar case, but 
with auricular fibrillation, the first positive 
wave was absent. 

The interest of these observations needs no 
further comment. One would, however, like to 
be convinced that anastomoses between the 
pulmonary and the bronchial vascular beds 
play no part, in cases of mitral stenosis, in the 
pressure tracings obtained by the ‘‘wedging” 
technic. 

Studies of the effects of exercise on pul- 
monary arterial pressure and blood flow pro- 
vide very important information concerning 
the altered hemodynamics of the pulmonary 
circulation in patients with mitral stenosis. 
This subject has already been explored by 
Tlickam and Cargill” and by Ellis and Harken.*® 
The two following cases studied by our group 
and by Dr. John West, from the Presbyterian 
I‘ospital, prior to commissurotomy for the re- 
lef of pulmonary venous hypertension,” : * are 
i'ustrative examples of the interest of such 
s udies, especially in view of the fact that the 
s atus of the mitral valve was determined at 
tie time of operation. In both cases of pure 
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Fig. 9. Effects of exercise upon cardiac output and 
pulmonary arterial pressures in two cases of ‘‘pure” 
mitral stenosis. The figures at the top of the columns 
labeled ‘‘rest” and ‘‘exercise” indicate the oxygen 
consumption in cc./min./m.? The figures near the 
symbols for cardiac output indicate the ventricular 
rate. For discussion see text. 
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considerable pulmonary hypertension and a low 
cardiac output under resting conditions. In the 
presence of a normal size left ventricle these 
changes were assigned to a marked narrowing 
at the mitral valve. The normal diastolic pres- 
sure in the right ventricle was given as an evi- 
dence of its competence. During the steady 
state of a mild exercise, which caused an in- 
crease in oxygen consumption of 60 per cent 
above the resting level, the cardiac output rose 
very little (11 per cent), and as expected the 
pulmonary systolic and diastolic artery pres- 
sures were higher, the ventricular rate increased 
moderately, and the right ventricular end dias- 
tolic pressure rose significantly. In the presence 
of a small increase in cardiac output, this rise 
suggested that the right heart was nearing its 
limit of competency. At the time of the opera- 
tion, the valve opening was described by the 
surgeon as slit-like, but the leaflets were not 
calcified and a successful commissurotomy was 
performed with the finger. No follow-up studies 
are available at this time. 

In the second case the cardiac output was 
even lower and the pulmonary hypertension 
considerable at rest. During exercise the cardiac 
output rose less than in the previous case, al- 
though the increase in oxygen intake was al- 
most identical, and despite a fairly rapid ven- 
tricular rate. The latter probably resulted in a 
very short diastolic time, with further imped- 
ance of blood flow across the mitral orifice and 
a rise in pulmonary systolic pressure. At opera- 
tion, the mitral leaflets were found to be cal- 
cified half way from the mitral ring to the free 
edges which formed a slit opening. 

Further progress in the rapidly expanding 
field of cardiac surgery for acquired valvular 
stenosis would seem to be dependent upon well 
planned physiologic studies, and it is rather 
gratifying that surgeons pioneering in this field 
have shown great interest in such studies.*°-® 

It will be noted that in this discussion no 
mention has been made of pulmonary blood 
volume in either left ventricular failure or mi- 
tral stenosis, although two recent articles ap- 
peared on this subject.!®: 77 We consider that 
the data are equivocal, as the technic used does 
not permit, except by making gross assump- 
tions, separate estimations of the blood volume 


in the pulmonary circulation and in the lef: 
atrium and/or left ventricle. 


Pulmonary Circulation in Chronic Pulmonar: 
Emphysema 


Our final task is now to discuss the problen: 
of pulmonary hypertension as it develops in the 
course of chronic pulmonary disease. For th» 
sake of simplicity, we shall limit our discussioi 
to the changes noted in chronic pulmonary 
emphysema. Indeed, in pulmonary emphysema, 
the task is not easy, since, besides the structura! 
changes, one has to consider the physiologi:: 
disturbances that they create. The pulmonary 
lesions may reduce the number, the caliber, 
and the expansibility of the smaller vascular 
channels in varying degree. The two main 
physiologic disturbances which stem from al- 
teration in alveolar ventilation and in the ven- 
tilation-perfusion relationships are (1) chronic 
anoxia and bouts of acute anoxia on the one 
hand, and (2) carbon dioxide retention on the 
other. Anoxia, it may be recalled, may affect 
directly the pulmonary vascular tone and, in 
addition, cause an increase in cardiac output. 
It also may stimulate the formation of red 
blood cells and therefore favors the develop- 
ment of polycythemia and hypervolemia, which 
may in turn influence the pulmonary circula- 
tion, by increasing the pulmonary blood volume 
and the pulmonary vascular resistance. The 
influence of carbon dioxide retention in the 
blood upon the pulmonary circulation is not as 
yet well defined. 

In order to help the charting of our course in 
the maze of interlocking mechanisms, we have, 
with Ferrer and Harvey,® analyzed data in 21 
cases of chronic pulmonary emphysema. All 
these cases were investigated extensively and 
often repeatedly with regard to their lung func- 
tion and the state of their circulation. Certain 
correlations were found to exist. 

Let us first consider the correlation between 
the degree of arterial blood oxygen unsatura- 
tion and pulmonary hypertension, pictured in 
figure 10. In a group of patients exhibiting 
moderate degree of pulmonary emphysema an! 
only a minimal degree of arterial blood oxyge 
unsaturation, the mean pulmonary arteri:| 
pressures were normal or nearly normal. In 1 





hh th oe rt = ® 


ANDRE COURNAND 651 


s*cond group, the degree of emphysema was 
nore severe, and a moderate degree of arterial 
blood oxygen unsaturation was present. In this 
group the pulmonary arterial pressures were 
somewhat increased. In a third group, the 
s-verity of emphysema and of the arterial 
anoxia was comparable to that of the previous 
group, but the patients were known to have 
recovered recently from episodes of right ven- 
tricular failure. The changes in pulmonary ar- 
terial pressures were not strikingly different 
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Fig. 10. Relation between arterial blood oxygen 


saturation and mean pulmonary arterial pressures 
in chronic pulmonary emphysema. 


from the second group and it will be noted that 
in one case the arterial oxygen saturation and 
the pulmonary artery pressures were nearly 
normal. In a fourth group, clinical and physio- 
Icgie manifestations of right ventricular failure 
Were present in addition to a moderate to severe 
d-gree of emphysema. The profound reduction 
ir arterial blood oxygen saturation and a con- 
silerable pulmonary hypertension are impres- 
sive in this group. 

Our inquiry extends now to the effect of a 


variation in the total blood volume upon the 
cardiac output in the same four groups of pa- 
tients (fig. 11). In the first group, with no 
significant arterial blood oxygen unsaturation 
and an average hematocrit of 40, the blood 
volume and the cardiac output were both nor- 
mal. In the second and in the third groups, with 
arterial anoxia and an average hematocrit of 
respectively 49 and 51, both the blood volume 
and the cardiac output were increased. Finally 
in the fourth group, with profound arterial 
blood anoxia and an average hematocrit of 64, 
the total blood volume and the cardiac output 
were markedly elevated. These are examples 
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Fic. 11. Relation between blood volume and 
cardiac output in chronic pulmonary emphysema. 


of the high cardiac output failure, observed 
previously in our laboratory** and described by 
MeMichael.* 

In summary, from these correlations, it can 
be seen that as anoxia increases, pulmonary 
blood pressure, cardiac output, and blood 
volume increase also. One further correlation 
exists which is demonstrated in figure 12. In 
this graph, the relation between blood volume 
and arterial oxygen saturation is illustrated in 
the same four groups of patients. It shows that 
the blood volume increase is intimately corre- 
lated with a reduction in the arterial blood 
oxygen saturation. One case only is out of line 
and illustrates the occasional finding of a 
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Fig. 12. Relation between blood volume and ar- 
terial blood oxygen saturation in chronic pulmonary 
emphysema. 
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Fic. 13. Measurements of the circulation and of 
the respiration in a case of chronic pulmonary em- 
physema in cardiac failure, and following recovery 
from failure. For discussion, see text. 


chronic anoxia associated with low red cell 
volume. 

The relation of anoxia and hypervolemia and 
of pulmonary hypertension, may be clarified 


further by the analysis of the data obtained in 
a patient first while he was in profound failure, 
and then after recovery. Figure 13, taken frony 
a recent publication of our group,* illustrates 
these relations well. At the time of the firs: 
study, the patient presented the typical clinice|! 
picture of cor pulmonale with signs of right 
ventricular failure, intense cyanosis, cardia; 
enlargement and sinus tachycardia. There wa; 
then a considerable reduction in arterial blool 
oxygen saturation and a high ratio of residu:| 
air to total lung volume indicative of sever: 
emphysema. The circulatory data are charac- 
teristic of the physiologic changes in most cases 
of cor pulmonale with failure observed in the 
course of chronic pulmonary emphysema: (a) 
a high cardiac output, (b) a considerable degree 
of pulmonary hypertension, (c) a high diastolic 
pressure in the right ventricle which is the ear- 
mark of right ventricular failure, and finally, 
(d) hypervolemia with polycythemia. After two 
weeks of treatment by digitalis, Mercupurin 
and bed rest, the clinical signs of cardiac failure 
disappeared, the cardiac silhouette diminished 
in size, and the respiratory studies revealed a 
considerable improvement of the pulmonary 
function, in particular a return of the arterial 
oxygen saturation toward normal. The total 
blood volume was still somewhat elevated, due 
to a high red blood cell volume. With a more 
efficient right ventricular function, the diastolic 
pressure in the right ventricle had returned to 
normal, and with the reduction of the hyper- 
volemia, and presumably in the presence of a 
less significant degree of arterial anoxia, the 
cardiac output had reached a normal level. The 
decrease of the pulmonary arterial pressures 
stands out as the most striking and unexpected 
change. To this change, several factors may 
have contributed, (a) the relief of anoxia, (b) a 
reduction in pulmonary blood volume, and (c) 
a reduction in pulmonary blood flow. As ob- 
viously there had been no change in the struc- 
tural abnormalities in the lungs between the 
first and the second studies, the physiologic 
factors in this instance must have have been 
of considerable importance in promoting pu - 
monary hypertension while the patient was 12 
failure. Between the second and third series of 
studies, separated by two and a half week:, 
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our phlebotomies of 500 cc. each were per- 


ormed. Concomitantly, the pulmonary arterial 
yressures reached a normal level. This further 
‘hange points to the possible role played by an 
‘nereased pulmonary blood volume, superim- 
posed on a restricted vascular bed, in causing 
yulmonary hypertension. 

In our experience,** this marked reduction in 
yulmonary hypertension during the circulatory 
eadjustments accompanying recovery from 
‘ailure was not an isolated instance. It has been 
observed in 3 other cases of chronic pulmonary 
emphysema with cor pulmonale, repeatedly 
studied first during right ventricular failure and 
then at various intervals after recovery. Thus 
the prevailing concept that pulmonary hyper- 
tension in patients with pulmonary emphysema 
is irreversible and due to anatomic lesions alone 
is no longer tenable. 

We should like now to discuss the effect of 
an increase in cardiac output in the production 
of pulmonary hypertension. There is evidence 
which suggests that the sole physiologic cause 
of pulmonary hypertension may be an increased 
blood flow. Observations on this subject have 
been previously reported by Hickam and Car- 
gill’ in chronic pulmonary emphysema. Un- 
fortunately, they do not give information re- 
garding the severity of the disease and the 
degree of anoxia. 

In figure 14 are illustrated four such studies 
done in our laboratory, in which the increase 
in blood flow was obtained by leg exercise. Each 
separate case, from left to right, is placed ac- 
cording to the severity of the pulmonary em- 
physema. In addition, however, there were 
some fibrotic changes, the importance of which 
varied from case to case. In none of these sub- 
jects did the arterial blood saturation change 
significantly from normal during exercise. The 
length of the arrows and their slope indicate 
the relation between the rise in output and the 
rise in mean pulmonary artery pressure. The 
trend appears unmistakable that the greater 
the degree of emphysema and presumably the 
¢reater the restriction of the pulmonary vas- 
cular bed, the more significant the pulmonary 
erterial pressure increase for a small increase 
i1 blood flow. 

Acute digitalization in patients with right 


ventricular failure** provides us with another 
example of the effect of an increase in cardiac 
output upon the pulmonary arterial pressure. 
The patient illustrated in figure 15 was one 
with a mild degree of chronic pulmonary em- 
physema and typical signs of cor pulmonale in 
failure. Presumably, with the high cardiac out- 
put, the left ventricular function was normal 
and its role in pulmonary hypertension can be 
discarded. We again note the characteristic 
findings already described: (a) a very high 
cardiac output, (b) a considerable increase in 
pulmonary artery pressures, and (c) a high end 
diastolic pressure in the right ventricle. The 
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Fig. 14. Effects of exercise upon the pulmonary 
blood flow and pulmonary arterial pressures in four 
cases of chronic pulmonary disease with emphysema. 
(1) Silicosis-emphysema (2) Fibrothorax-emphysema 
(3) Fibrothorax-emphysema (4) Interstitial pneumo- 
emphysema. The origin of the arrow indicates the 
values at rest, and the point of the arrow the values 
during a steady state of exercise. The rectangular area 
with hatching shows normal range of flow and mean 
pressures. For discussion see text. 


total blood volume, not charted in the figure, 
was twice normal, with a hematocrit of 68: 
The arterial oxygen saturation was near 60 
per cent and the carbon dioxide tension was 
very high. In response to acute digitalization, 
the failing heart increased its output, presum- 
ably by direct action of the drug on the myo- 
cardial fibers. With better emptying of the 
right ventricle and the resultant reduction in 
ventricular residual blood volume, the end dias- 
tolic pressure fell and, pari passu, the sys- 
temic venous pressure was reduced, although 
no significant change in total blood volume 
could have taken place in the short interval 
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of the time of study. However, it should be 
. mentioned that in a markedly distended venous 
system, a very small shift in venous blood may 
by ‘accompanied by large pressure changes. 
With the limited increase in cardiac output, 
the pulmonary systolic and pulse pressure rose 
significantly. The contrast with what was de- 


Now we shall attempt to integrate all these 


_ isolated facts and picture diagrammatically the 


interplay of the various mechanisms which pro- 
mote pulmonary hypertension in the course of 
chronic pulmonary emphysema. This will lesd 
us to a discussion of cor pulmonale which is 
directly related to this problem. 
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Fic. 15. Effect of acute digitalization upon cardiac output and blood pressures in a case of chronic 
pulmonary emphysema in right ventricular failure. See text. 


scribed earlier in cases of left ventricular failure 
treated similarly isstriking. For this finding there 
appears but one valid explanation, namely, 
that a small incre:se in blood flow could not 
be accommodated in a reduced vascular bed 
which had reached its critical level of distensi- 
bility, without further increase in pulmonary 
hypertension. 


All the factors involved are listed in a sche- 
matic diagram, in figure 16. Their interrelation 
during the course of chronic pulmonary em- 
physema may be pictured as follows: Alteration 
of the pulmonary vascular bed, the restriction 
of which may not be extensive enough to pro- 
duce hypertension at rest, is the first importa:t 
result of the pathologic process in the lung. |1 
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this restricted bed, any temporary increase in 
hlood flow, as during daily activities or follow- 
ing an infection, for example, favor a rise in 
»yulmonary artery pressure. In general these 
changes alone are probably not large enough to 
cause clinically detectable hypertrophy of the 
right ventricle. The situation is analogous to 
that observed in systemic hypertension with 
concentric hypertrophy of the left ventricle. 
it is probable also that, as the ventricular 
hypertrophy progresses, the volume of the right 
ventricular cavity may somewhat increase. 

Turning to the role of anoxia we find its in- 
fluence exerted in several directions. Chronic 
anoxia directly causes polycythemia and hy- 
pervolemia, increases the cardiac output and 
presumably reduces the vascular bed by direct 
action on the tone of the pulmonary vessels. 
Hypervolemia, by increasing the volume of 
blood in the venous system, effects an increase 
in stroke volume and cardiac output. It tends 
also to distend the restricted pulmonary vas- 
cular bed. The red blood cell increase, by its 
effect on blood viscosity, may also be an en- 
hancing factor in the production of pulmonary 
hypertension and right ventricular hyper- 
trophy. The stage is set for the appearance of 
right heart failure, although many patients 
with chronic pulmonary emphysema never go 
beyond this phase. We do not know, in all 
instances, what is the precipitating factor in 
the break of homeostasis, but often an acute 
bout of anoxia is the trigger mechanism. This 
may accompany attacks of bronchiolar obstruc- 
tion, or a severe pulmonary infection. The 
superimposed acute anoxia further stimulates 
the rapid formation of red blood cells. These 
red cells are hypochromic as indicated by the 
very high hematocrit associated with normal 
or low total hemoglobin. 

Under the combined assaults of the separate 
fuctors, (a) high cardiac output, (b) marked 
pulmonary hypertension, (c) direct action of 
anoxia on the strained right ventricular myo- 
curdium, and (d) increased blood volume, the 
optimal stretch of the myocardial fibers is ex- 
ceeded and right ventricular failure follows. 
This failure, as in the case of the left ventricle 
is characterized (a) by an impairment in the 
emptying of the right ventricle, and therefore, 


a reduction of the stroke volume from its pre- 
vious higher level, (b) by an increase in residual 
diastolic volume, and (c) by an elevation of the 
end diastolic filling pressure. The paradox of 
a high cardiac output in the presence of cardiac 
insufficiency is thus explained by the state of 
the circulation just preceding the failure of 
the right heart. If proper therapy is instituted, 
the failure is easily reversible, since intrinsic 
myocardial damage is as a rule limited and not 
comparable to what is found in coronary dis- 
ease, rheumatic myocarditis, and other con- 
ditions. This therapy consists essentially in 
in relief of pulmonary infection by antibiotics, 
relief of bronchiolar obstruction and reduction 
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Fic. 16. Interrelation between factors causing 
high output cardiac failure in chronic pulmonary dis- 
ease. Thickness of arrow emphasizes importance of 
factor. See text. 


of bronchial secretions by the liberal use of 
atomized bronehodilators, improvement of the 
function of the myocardial fibers of the right 
ventricle by digitalization, and finally, reduc- 
tion of the hypervolemia by phlebotomies. 
Oxygen therapy is beneficial also, but it should 
not be used continuously, for fear of the devel- 
opment of carbon dioxide narcosis. If these 
cases are left untreated, or are treated improp- 
erly, deterioration of the myocardial fiber 
leads to further reduction in cardiac output 
which in irreversible cases becomes lower than 
normal. 

The scheme that we have presented accounts 
for most of the observations that we have made 
in the study of chronic pulmonary emphysema. 
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In some rare instances of this disease and, as 
a rule, in many types of chronic pulmonary 
fibrosis, in primary pulmonary vascular disease, 
and in chronic multiple embolization of the 
pulmonary vascular tree, the part played by 
the reduction of the capacity of the vascular 
bed becomes preponderant. As schematized in 
figure 17 the development of pulmonary hyper- 
tension and right ventricular hypertrophy and 
dilatation stem mostly from the reduction in 
the vascular bed. The situation is comparable 
to that in malignant hypertension. In these 
cases failure, sometimes precipitated by acute 
anoxia, is characterized by a low cardiac out- 
put and by its irreversibility. Since in the 
earlier stage of the disease, the factors of anoxia 
and hypervolemia play only a limited role, no 
stage of high output precedes the failure. The 
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Fic. 17. Interrelation between factors causing low 
output failure in chronic pulmonary disease. 


irreversibility of the failure is dependent on 
the fact that the pulmonary hypertension is 
due to abnormalities which cannot be altered 
therapeutically. In addition, the integrity of 
the myocardial fibers may have suffered from 
the severity of the pulmonary hypertension. 


CONCLUSION 


In a recent review of pulmonary physiology, 
Dr. Dickinson Richards wrote the following*: 
“One of the chief goals of physiology, as in all 
physical or biologic sciences, is to achieve a co- 
ordinated and integrated description of phe- 
nomena observed. Insofar as the observations 
made can be quantitative measurements, such 
description should eventually be able to reach 
some sort of mathematical formulation.” 

In this paper we have attempted to coordi- 
nate and integrate clinical and physiologic ob- 


servations of pulmonary circulation in man 
and thus have aimed at the first goal set forth 
by the leader of our group. A better knowledye 
of the physiology of the pulmonary circulation 
in normal man has been of help in understan:1- 
ing some of the adaptive changes which occur 
in the course of diseases of the heart and lungs. 
In retracing the steps which lead to the brea<- 
down of homeostasis, under the impact of mi1- 
tiple and interlocking mechanisms, the cause 
of sound and effective treatment of these dis- 
eases has been well served. Progress in this 
field of medicine as in others, has then be:n 
achieved, since clinicians have come to realize 
their dependence upon the discipline and 
methods of applied sciences, and also since 
physiologists have turned to consider, not 
only experimentally produced, but also natu- 
rally occurring phenomena. 
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A Synthetic Anticoagulant: A Polysulfuric 
Acid Ester of Polyanhydromannuronic 


Acid (Paritol) 


Experience with Its Use in Man 


By C. W. Sorenson, M.D. ann Irvine 8. Wricut, M.D. 


The effects of the use of Paritol administered intravenously to 35 individuals are herein reported. 
This synthetic anticoagulant produces a prolongation of the clotting time similar to that produced 
by heparin but of longer duration, if appropriate dosage is used. As with heparin, at therapeutic 
clotting time levels, the prothrombin time is slightly prolonged. Certain untoward effects have 
been noted and are described. Further studies with Paritol appear justified in order to evaluate 


its usefulness as a rapidly acting anticoagulant. 


HE AVAILABILITY of a rapidly acting 

anticoagulant is extremely important in 

the treatment of medical and surgical 
thromboembolic conditions. The most serious 
handicaps in the use of heparin in this role 
has been the difficulty of its preparation and 
the resulting high cost which seriously limit 
its clinical use. Chemical studies'~ on the struc- 
ture of heparin indicate that it is a polysac- 
charide esterified with sulfuric acid. Therefore, 
considerable work*~ has been done on the syn- 
thesis of various polysaccharide sulfuric acid 
esters having anticoagulant activity. Most of 
these synthetic compounds have been found to 
be toxic when administered to animals and 
thus have no clinical value. Seifter and Begany*® 
reported studies on the pharmacology and 
toxicology of a polysulfuric acid ester of 
polyanhydromannuronic acid (Paritol) which 
suggested its possible clinical use. The anti- 
coagulant activity of this material and its low 
toxicity in animals warranted further investi- 
gation. A preliminary report relating to its use 
in man appeared in 1949.° The present report 
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is concerned with further studies made on the 
action of Paritol in man. 


METHOD 


Observations have been made on the ad- 
ministration of Paritol* to 35 individuals. Their 
ages ranged from 20 to 70 years. Thirty-one 
were males; 4 were females. Four were normal 
controls; 31 had a variety of disease conditions, 
including pulmonary infarction, thrombophle- 
bitis, thromboangiitis obliterans, axillary vein 
thrombosis, carcinoma of the lung, arterioscler- 
osis obliterans, myocardial infarction, diabetes 
mellitus, embolus to a peripheral artery from a 
fibrillating rheumatic heart, and postoperative 
arterial-venous anastomosis. In 15 patients the 
drug was used therapeutically because of some 
thromboembolic disease; in the other 16 it was 
given to observe its effect. With 2 exceptions, 
patients were selected who showed no evidence 
of liver or kidney disease, or allergic or hemor- 
rhagic tendencies. One exception was a patient 
who had chronic nephritis complicating rheu- 
matic heart disease with a pulmonary infarc- 
tion. The other had arteriosclerotic heart dis- 
ease, auricular fibrillation, congestive heart 
failure, early cirrhosis of the liver, and multiple 
pulmonary emboli. 

The effects of the intravenous administration 
of Paritol were observed for the following: the 


* Supplied through the courtesy of Wyeth, Inc. 
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response of the blood pressure, pulse, and res- 
pirations; delayed reactions as manifested by 
temperature rise or allergic manifestations; al- 
terations in the clotting time, the red blood 
cell count, the white blood cell count, and the 
sedimentation rate; changes in kidney function 
as manifested by changes in the urine, the 
blood urea nitrogen, and the phenolsulfontha- 
lein test; and alterations in liver function as 
indicated by cephalin flocculation, thymol tur- 
bidity, total protein, and bromsulfalein excre- 
tion. 


The anticoagulant action was measured by a mod- 
ification of the Lee-White procedure. After careful 
venepuncture and release of the tourniquet, ap- 
proximately 2 ml. of blood were drawn through 
the needle. This blood and syringe were discarded, 
leaving the needle in place. Approximately 5 ml. of 
blood were then drawn carefully into a silicone 
coated syringe, with a stop-watch being started at 
this time. One ml. of blood was immediately placed 
in each of three dry Pyrex tubes, 10 mm. in diameter. 
Each tube was tipped gently at one minute intervals 
and the end point taken as the time when the blood 
held a vertical surface with the tube in a horizontal 
position. The three tubes were measured simultane- 
ously and the clotting time reported was the average 
of the three tubes. By this method the average clot- 
ting time of 47 control determinations was 9 min- 
utes, with a range from 6 to 12 minutes. Careful 
adherence to this technic was maintained; all blood 
specimens were drawn by the same individual and 
all the end points were determined by one of two 
individuals in order to obtain the maximum accuracy 
possible with this method. 

Prothrombin times were done by the Link-Shapiro 
modification of the Quick one-stage method, using 
dried rabbit lung thromboplastin. 


The anticoagulant action of Paritol was com- 
pared with that of heparin by observations of 
the clotting time following the intravenous ad- 
ministration of the sodium salt of heparin (Li- 
juaemin, Roche). 

The Paritol was obtained as a sterile solution 
if the water soluble sodium salt which is stable 
it room temperature. It was given intrave- 
ously in 1, 5,and 10 per cent solutions, allow- 
ng 5 to 10 minutes for slow administration of 
he given amount. The 10 per cent solution was 
ound to be the most convenient dilution to use. 


RESULTS 
Clotting Times 


Single Doses.. The averages of the results ob- 
tained by following the clotting times after 
single doses of 2 mg. per Kg. and 5 mg. per 
Kg. of 10 per cent Paritol solutions (Lot Nos. 
L-81B and 286) are shown in table 1. 


TABLE 1.—Average Clotting Times Obtained After 
Single I.V. Dose Of Paritol (16% Solution) 





Clotting Time in Minutes 
_ Time After 
Administration of Paritol 





2 mg./Kg. 5 mg./Kg. 
Average—2 curves | Average—21 Curves 


Control 8 
30 min. 39 
2 hours 
4 hours 14 
6 hours 18 
8 hours 
10 hours 12 
12 hours 








TaBLE 2.—Average Clotting Times Obtained After 
Single I.V. Dose of Heparin (16% Solution) 





Clotting Time in Minutes 
Time After 
Administration of 
Heparin 





0.5 mg./Kg. | 0.8 mg./Kg. | 1.0 mg./Kg. 
Average—4 | Average—3 | Average—3 
curves | curves curves 
ail : 
| 





| NE 
Control | 10 
30 min. | 74 
2 hours 45 


4 hours 14 
9 


6 hours 


For comparison, the averages of the clotting 
times obtained after the administration of hep- 
arin in single intravenous doses of 0.5, 0.8, and 
1.0 mg. per Kg. are shown in table 2. 

Repeated Doses. Ten patients with thrombo- 
embolic conditions have been treated with re- 
peated doses of Paritol for periods over 48 
hours. The longest period of therapy has been 
eight days in each of 2 cases. The total amount 
of the drug given ranged from 250 mg. in a 
48 hour period to 3440 mg. in a 5 day period 
as shown in table 3. Average clotting times 
obtained during these periods of the repeated 
administration of Paritol in amounts of 2 mg., 
3 mg., and 5 mg. per Kg. are shown in table 4. 
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Prothrombin Times. The effect of the ad- 
ninistration of Paritol on the prothrombin time 
is determined by the Link-Shapiro modifica- 
ion of the Quick one-stage test is shown in 
‘able 5. 


[ABLE 4.—Average Clotting Times Obtained During 
Maintenance Treatment With Repeated Doses of 


Clotting Time in Minutes 
Time After he + * 
— of | 2mg./Kg. | 3mg./Kg. | 5 mg./Kg. 
| Average—22 | Average—7 | Average—19 

| Curves Curves Curves 


Before any Paritol 

administered | ¢ 8 
Before next dose of 

Paritol 14 13 
RENE occ 50 55 
GO NAIE 5. 5 aicckc se 15 
i, 18 
TRIN. S55 86a 15 16 


TaBLE 5.—Prothrombin Time Determinations after 
§ mg./Kg. of Paritol I.V. (10% Solution) 
| Prothrombin Time in Sec. 
Time After Paritol! Clotting Time | _ 
Administration | in Minutes | Undilnied— | Diluted—12.5% 
| 100% Plasma | Piasma 


38 


Control | 16 
30 min. 23 47 
2hours | 22 41 
4hours | 17 39 
6 hours 


TABLE 6.—Prothrombin Time Determinations after 
Heparin 1 mg./Kg. I.V. (10% Solution) 





Time After Prothrombin Time in Sec. 


Heparin | 
Administration 


Undiluted— | Diluted—12.5% 
| 100% Plasma | Plasma 


Clotting Time 
in Minutes 


Control 15 

30 min. 24 
2 hours | 19 
4 hours 


16 
6 hours | 


For comparison, the prothrombin times ob- 
ained following the administration of heparin 
ire shown in table 6. 


lhe Effect of Paritol on Other Laboratory Deter- 
minations 


Table 3 summarizes the laboratory deter- 
ninations done on the 10 patients given re- 


peated doses of Paritol for periods over 48 
hours. 

Hemoglobin, Red Blood Cell Count, and White 
Blood Cell Count. No change in these values has 
been observed that could be attributed to Par- 
itol. 

Platelets. No change in the platelets was ob- 
served as determined by the estimation of the 
number of platelets in relation to red blood 
cells on stained smears. 

Kidney Function. There was no change noted 
in the urine with the administration of Paritol. 
Case 21, a patient with no recognized renal 
disease prior to administration of the drug, 
showed a rise in the blood urea nitrogen from 
11 mg. to 26 mg. per 100 cc. after receiving 
1680 mg. of Paritol over a period of four days. 
During this same time he was receiving Thio- 
merin 2 ml. daily. The Paritol was discontinued 
and the blood urea nitrogen continued to rise 
to 30 mg. per 100 cc. Three days later, Thio- 
merin was stopped and the blood urea nitrogen 
promptly fell to within normal range. The data 
indicated that the urea retention was due more 
probably to the action of the Thiomerin than 
of the Paritol. 

Case 28, a patient with pulmonary infarction, 
rheumatic heart disease, congestive heart fail- 
ure, and chronic nephritis with a consistently 
elevated blood urea nitrogen of about 30 mg. 
per 100 cc. was given 380 mg. of Paritol in 
two days. There was a rise in the blood urea 
nitrogen to 54 mg. per 100 cc., following which 
the Paritol was discontinued. The blood urea 
nitrogen then fell to the pretreatment level of 
around 30 mg. per 100 cc. Four hundred eighty 
mg. of Paritol was then administered during 
three days and the blood urea nitrogen rose: to 
60 mg. per 100 cc. After the Paritol was dis- 
continued the blood urea nitrogen gradually 
returned to the former level (30 mg. per 100 
cc.). The Paritol was considered to be respon- 
sible for the increased urea retention occurring 
in the presence of decreased kidney function. 
There was no evidence that the drug had caused 
a further permanent decrease in the renal func- 
tion. 

Tiver Function. One patient (case 23) had 
arteriosclerotic heart disease, auricular fib- 
rillation, congestive heart failure, multiple 
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pulmonary infarctions, and evidence of early 
cirrhosis of the liver. Before Paritol was adminis- 
tered, the eephalin flocculation was elevated to 
12 units (normal, .below-5)-.and the thymol 
turbidity was 6 units (normal, below 5). Dur- 
ing the period he received the drug the cephalin 
flocculation rose to 18 units and the thymol 
turbidity to 9 units. Twenty-five days after 
the treatment, the cephalin flocculation was 7 
units and the thymol turbidity was 7 units. 
This patient was extremely ill during the first 
two weeks of hospitalization and it was impos- 
sible to determine with certainty whether the 
drug was responsible for the evidence of in- 
creased liver damage. On a clinical basis, how- 
ever, the impairment of liver function might 
well have been due to his serious illness and 
not to a toxic effect of the drug. 

No other patients developed any evidence of 
liver damage following the administration of 
Paritol. 


Effect of Paritol on the Blood Pressure, Pulse, 


and Respirations 


The pulse, respiratory rate, and blood pres- 
sure determinations during and after the ad- 


ministration of Paritol to 13 patients are shown 
in table 7. 

The systolic blood pressure of patient 7 de- 
creased 20 mm. Hg during the administration 
of 350 mg. (6 mg. per Kg.) of the drug with- 
out a corresponding decrease in the diastolic 
pressure (120/75 to 100/70). Two days later 
his pressure was found to be at the reduced 
level (100/65). A second dose of 400 mg. (7 
mg. per Kg.) of the drug produced no change 
in the pressure. Patient 9 showed no change 
in blood pressure with the first administration 
of 400 mg. (4.2 mg. per Kg.) of Paritol. Two 
days later he was given 325 mg. (3.5 mg. per 
Kg.) and with this there was a transient fall 
in the systolic and diastolic pressures (126/66 
to 106/54) associated with flushing of the 
face and a feeling of fullness in the epigastrium. 
These minor manifestations disappeared spon- 
taneously within fifteen minutes after the in- 
jection was completed. 


Reactions to Paritol 


Of the 35 patients to whom Paritol has been 
given, 3 have shown immediate reactions: one 


of these was severe, two were mild. The severe 
reaction occurred in a 40 year old woman (pa 
tient 2) with rheumatic heart disease, auricu 
lar fibrillation, mitral stenosis, and an embolu: 
to the left popliteal artery. She had receivec 
three injections of Paritol in amounts of 12: 
mg. (2 mg. per Kg.), 185 mg. (8 mg. per Kg.) 
and 185 mg. on successive days without re 
action, although she later stated that with tw 
of these she had felt “uneasy.” The fourtl 
dose, administered the next day, was 315 mg. 
of a 1 per cent solution (5 mg. per Kg.). Abou: 
five minutes after the completion of the injec 
tion the patient developed nausea, vomiting 
abdominal cramps, defecation, oppression ir 
the precordial area, pallor, sweating, brady- 
cardia and a fall in the blood pressure to im. 
perceptible levels. These manifestations sub- 
sided rapidly following the administration of 
of 0.3 mg. of epinephrine subcutaneously 
and within 30 minutes the blood pressure had 
returned to normal levels and the patient was 
feeling much improved. It is noteworthy that 
this patient developed similar, but less severe 
reactions to the intravenous administration of 
papaverine and had a somewhat similar re- 
action to magnesium sulfate used in determin- 
ing the circulation time. 

Two patients (cases 7 and 24) developed 
a reaction following Paritol administration 
which the authors have not previously en- 
countered with any drug. This consisted of the 
development within 15 minutes of “pins and 
needles” sensations in the hands and feet fol- 
lowed by a moderate swelling of the hands, 
and to a lesser degree of the feet. This was 
associated with stiffness of the finger joints 
and inability to close the fingers completely. 
In one patient this swelling subsided spon- 
taneously in about eight hours. In the second, 
the administration of 0.3 mg. of epinephrine 
subcutaneously was followed by a decrease in 
the symptoms of tingling in the hands and feet 
and stiffness of the fingers within 20 minutes. 
The swelling gradually disappeared within 
about six hours. Neither patient showed an) 
evidence of urticaria elsewhere nor did they 
develop respiratory signs or symptoms. Neither 
gave personal or family histories of allergi 
manifestations. 

One patient with an acute pulmonary in 





TaBLeE 7.—Blood Pressure, Pulse, and Respiration Changes during Paritol Administration in 13 Cases 











#3 2mg./Kg. #4 Smg./Kg. #5 6mg./Kg. #6 8mg./Kg. 
Time 





B.P. P B.P. sg B.P. | BE, | ®P 


Control 110/72 | 84 130/70 | 72 116/66 76 110/88 | 50 
¢tart injection 120/70 72 120/80 | 74 
4 min. 122/74 76 118/84 | 60 
€ min. 122/88 | 58 
§ min. 128/74 88 
1) min. 118/68 80 
1 nd Injection 
2 min. 116/80 | 80 130/75 118/80 | 
5 min. 112/78 | 80 130/70 125/68 80 124/80 | 
1) min. 120/84 | 78 132/75 | | 120/84 | 
15 min. 118/80 | 78 140/80 | 118/82 | : 
2) min. 118/80 | 80 | 130/70 | 118/68 64 | 118/86 | 54 























#7 6mg./Kg. #7 7mg./Kg. #8 6mg./Kg. #9 5mg./Kg. 


BP. | P B.P. B.P. | BP. | P 








Control | 120/75 | 60 96/64 134/86 120/78 | 76 
Start Injection | 120/78 | 60 100/65 150/86 126/70 | 76 
4 min. 118/74 | 60) 98/65 120/80 120/76 | 80 
6 min. 115/75 | 7 98/65 115/78 120/76 | 76 
8 min. 100/70 | 98/62 132/90 122/76 | 82 
10 min. 104/68 | 100/68 130/90 | 118/68 | 80 
End Injection | 

2 min. 96/68 98/64 138/90 
5 min. 106/72 98/64 | 118/70 | 82 
10 min. 104/74 96/62 130/86 | 
15 min. 104/72 | 122/74 | 84 


20 min. | 96/62 | 132/88 | 




















#10 Smg./Kg. #11 #12 5 mg./Kg. 
BP. | B.P. | =e | ® 

Control | 126/66 150/90 | 135/100 | 148/72 | 

Start Injection | | | 150/95 | 148/76 

4 min. ; 118/64 | 148/100 134/100 160/80 | 

6 min. 118/70 | 150/100 160/80 | 

8 min. 106/54 | 150/100 134/100 155/78 | 

10 min. | | 150/100 130/94 | 

End Injection 

2 min. | 106/60 | 88 150/100 132/98 | 155/70 

5 min. 110/70 | 88 | 16 | | | | 168/78 | 68 

10 min. 114/74 | 92) 16 | 150/100 | 126/94, | | 156/70 | 68 

15 min. | 118/74] 92] 16 | | 

20 min. | 118/74} 88 | 16 | 150/100 | 18 | 128/94 142/66 | 68 





























#13 Smg./Kg. #14 Smg./Kg. | #15 Smg./Kg. 





B.P. P| B.P. P B.P. P 


Control | 124/70 | 60 155/80 98 | 170/90 120 
S‘art Injection 124/72 | 60 | 160/86 96 | | 180/94 112 
4 min. 130/70 | 64 165/80 170/90 120 
6 min. 126/70 | 64 | 158/78 

8 min. | 128/70 64 164/88 | 116 
1) min. | 126/70 64 156/78 
kad Injection | | | 

2 min. 128/70 | 68 | | 166/88 
5 min. 124/64 68 | 144/76 

1 min. 120/68 68. 176/90 
1) min. \" | 
2) min. 120/66 68 150/78 














210/111 
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666 A SYNTHETIC ANTICOAGULANT 


farction and alcoholism was nauseated on ad- 
mission. The administration of Paritol appeared 
to increase the nausea and vomiting. However, 
after his nausea had subsided, repeated doses 
of the same amount of Paritol were given with- 
out causing any symptoms. 

In 2 patients, small extravasations of Paritol 
outside the veins produced a moderate amount 
of. pain, swelling, increased heat, and redness 
in a localized area which lasted about 24 hours. 
No slough occurred. 


DISCUSSION 
Paritol is a polysulfuric acid ester of poly- 
anhydromannuronic acid. The structural for- 
mula compared with that of heparin is shown 
in figure 1. Seifter and Begany (8) have re- 


HEPARIN 


COOH NHSO,OH 


Glucwromc Acid( 2) Glucosamine 


PARITOL 


COOH 


Mannuronic Acid Mannuronic Acid 


Fic. 1. Formula of heparin compared with 
that of Paritol. 


ported that in animals its toxicity was no 
greater than that of heparin and much less 
than that of other synthetic polysaccharide 
sulfuric acid esters that were tested. The half- 
lethal dose in mice determined as mg. per Kg. 
were: heparin, 1500-2000; Paritol 1898; cellu- 
lose sulfuric ester, 100; and oxycellulose sul- 
furic ester, 200. They found the anticoagulant 
activity of Paritol to be about one-seventh 
that of heparin. 

Preliminary studies on the action of Paritol® 
(formerly known as Heparinoid), demonstrated 


that it had definite anticoagulant activity when 
administered intravenously to humans. Thes: 
preliminary observations with the preparation: 
then available (Lots 137 and 289) indicatec 
that it was about one-thirteenth as active a: 
the sodium salt of heparin (Liquaemin, Roche: 
in prolonging the clotting times. Extension 0: 
the previously reported studies with more re- 
cent preparations of Paritol (Lots 286 anc 
L-81-B) indicate that in man the present po 
tency is about one-seventh that of heparin. 

More important, however, is the fact tha: 
prolongation of the clotting time continues fo: 
8 to 12 hours after Paritol administration 
while with crystalline heparin the action i: 
demonstrable for only 4 to 5 hours after in- 
travenous administration. It has therefore been 
possible to treat patients with thromboem- 
bolic diseases with intravenous doses of Parito! 
administered at intervals of 8 to 12 hours and 
with improvement in their clinical conditions. 
This represents an advantage over the use of 
heparin for intermittent intravenous therapy 
where the dose must be repeated about every 
4 hours. The local reactions produced by Pari- 
tol when extravasation occurred outside the 
veins have precluded its use by the intramus- 
cular or subcutaneous route. 

The data on case 28 appears to demonstrate 
that in the presence of decreased kidney func- 
tion and an elevated blood urea nitrogen, Pari- 
tol caused further urea retention. Seifter and 
Begany® found that in animals about 25 per 
cent of the administered dose of Paritol is ex- 
creted in the urine. The remainder appears to 
be inactivated in the blood and the inactivated 
product picked up by the reticuloendothelial 
system. The manner in which this polysac- 
charide may interfere with urea excretion in a 
damaged kidney requires more study. Until 
further experience is obtained, however, Parito! 
should be used with caution in the presence of 
decreased kidney function. 

The mechanism of the other reactions to 
Paritol here noted are also at present obscure. 
The explanation of the severe reaction in cast 
2 is complicated by the fact that the patient 
developed reactions to other drugs given in 
travenously. However, the reaction has some 
of the toxic manifestations of other of the sul- 
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juric acid esters of polysaccharides. Also in 
case 9 there was a transient moderate fall in 
the blood pressure during the administration 
of Paritol associated with mild flushing of the 
jace. Therefore, the toxicity of Paritol must 
he evaluated with a larger series of carefully 
studied patients before its general use can be 
«dvocated. Such a study is now in progress by 
the Committee on Anticoagulants of the Amer- 
ican Heart Association. 

The swellings limited to the hands and feet 
of 2 patients (cases 7 and 24) would appear 
to be vascular in nature. The exact mechanism 
responsible for these changes which appeared 
to be limited to the peripheral vessels is ob- 
scure. 


CONCLUSIONS 


1. The polysulfuric acid ester of polyanhy- 
dromannuronic acid (Paritol) produces a sig- 
nificant prolongation of the clotting time when 
administered intravenously to humans. 

2. The duration of anticoagulant effect of 
Paritol is from two to three times as long as 
that of heparin. 

3.-When compared mg. per Kg. with refer- 
ence to the maximum clotting time obtained 
the effect of Paritol as presently prepared is 
approximately one-seventh that of heparin. 

4. This may be compensated by administer- 
ing Paritol in doses sufficient to produce clot- 
ting times comparable to those obtained with 
heparin. 

5. Repeated doses of Paritol at 8 to 12 hour 
intervals have been given for periods up to 
eight days with evidence of satisfactory main- 
tenance of anticoagulant therapy. 

6. Paritol produces a slight prolongation of 
the prothrombin time similar to that produced 
by heparin. This is proportional to the effect 
on the clotting time. 


7. Paritol appeared to cause a further rise 
in the blood urea nitrogen in a patient with an 
elevated blood urea nitrogen due to kidney 
disease. The drug should therefore be used 
with caution in patients with serious kidney 
damage. 

8. Of 35 patients to whom Paritol has been 
given, 3 others have developed reactions. One 
was severe, with generalized symptoms includ- 
ing vascular collapse. Two have had mild re- 
actions characterized by swelling of the hands 
and feet, which are suggestive of some vascular 
change in the peripheral vessels. The mecha- 
nism of these reactions is not clear. 

9. Further studies with Paritol are justified 
in order to evaluate more completely its use- 
fulness as a rapidly acting anticoagulant for 
the treatment of thromboembolic diseases. 
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Increasing Bacterial Resistance to the 
Antibiotics 


A Study of 46 Cases of Streptococcus Endocarditis and 
18 Cases of Staphylococcus Endocarditis 


By Davin C. Levinson, M.D., Georce C. Grirrita, M.D., anp Harotp E. Pearson, M.D. 


Observations on bacterial resistance to antibiotics in 64 patients with bacterial endocarditis are 
reported. Streptococcus endocarditis is contrasted with staphylococcus endocarditis as regards 
course, bacterial resistance to antibiotics, and mortality. The management of bacterial resistant 
patients is stressed and particular emphasis is placed upon the role of the newer antibiotics such 


as aureomycin. 


HE PURPOSE of this paper is to evalu- 

ate the role of antibiotics in the manage- 

ment of bacterial endocarditis. Particu- 
lar emphasis will be placed on those patients 
who exhibit increased bacterial resistance to 
penicillin and other antibiotics. The clinical 
response to antibiotics will be correlated with 
in vitro bacterial sensitivity studies. 


MANAGEMENT OF BACTERIAL ENDOCARDITIS 
AT THE Los ANGELES County HospPITAL 


During the three year period, 1947 to 1949 in- 
clusive, 64 patients with bacterial endocarditis were 
observed at the Los Angeles County Hospital. Ex- 
cept for a few minor variations, the management 
of these patients conformed to the following routine: 
Once a positive blood culture had been obtained, 
the in vitro sensitivity of the organism to anti- 
biotics was determined by a serial dilution method 
in serum blood broth. When the in vitro sensitivity 
had been determined, penicillin was given in a dos- 
age calculated to produce blood levels 4 to 5 times 
that required for in vitro inhibition. The blood 
levels of penicillin’ resulting from various daily 
dosage of penicillin are listed in table 1. 

The penicillin was administered by continuous 
intramuscular drip in most patients; in a few pa- 
tients who were unable to tolerate a continuous 
drip, intermittent intramuscular injections were em- 
ployed. Penicillin therapy was continued for 21 
days, at which time it was discontinued and blood 
cultures obtained. If cured, the patients were dis- 
charged and followed in the cardiac clinic with 


From the University of Southern California, 
School of Medicine, Departments of Cardiology and 
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Los Angeles, Calif. 


periodic blood cultures. The management of those 
patients in whom positive cultures persisted after 
the initial course of therapy will be discussed later 
in the paper. 


TaBLe 1.—Blood Levels of Penicillin Obtained 
with Various Dosages of Penicillin by Continuous 
Intramuscular Infusion. 


Average blood Level of 


Penicillin Dosage per Day (units) Penicillin (units/cc.) 


200 , 000 

300,000 

500,000 
1,000,000 
2,000,000* 


*For each additional 1,000,000 units the blood 
level was increased by 0.50 to 1.00 units/ce. 


StREPTococcus ENDOCARDITIS 


Of the 64 patients in this report, 46 (72 per 
cent) were infected by a streptococcus, as 
proved by isolation of the organism from the 
blood stream. In the remaining 18 patients (28 
per cent) a staphylococcus was found to be the 
cause of illness. 


Cures and Mortality 


Thirty-seven (80 per cent) of the patients 
with streptococcus endocarditis were cured, and 
9 cases (20 per cent) had a fatal outcome during 
treatment. The cause of death in these patient: 
was heart failure, cerebral embolus, myocardia 
infarction, uremia, and sepsis. In addition, ‘ 
of the 37 cured patients died of congestive 
heart failure after completion of therapy. 
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Penicillin Sensitive Streptococcus Endocarditis 


Cures. In table 2 are listed 24 patients in 
whom the infecting organisms were initially 
sensitive to penicillin in vitro, requiring 0.8 unit 
or less of penicillin per cc. of culture for in vitro 
inhibition.* In 21 or these patients, an alpha 


TaBLE 2.—Penicillin Sensitive Streptococcus 
Endocarditis. Cures in 24 Patients 





Penicillin Sensi- | Dosage of Peni- 
tivity (units) cillin (million 
/cc. units) 


CasejNo. Organism 


1-21 Alpha 0.05 to 0.4 | 0.4 to 4/day 
Strepto- for 21 
coccus days 

22-24 Gamma 0.4 t0 0.8 | 3 to 8/day 
Strepto- for 21 
coccus days 





Deaths After Cure. Various reports in the 
literature have described patients who, al- 
though cured of their bacteremia, are left with 
such severe valvular damage that death due to 
heart failure occurs within weeks or months.? 
There were 5 such patients in the group re- 
ported (table 3). All 5 were sensitive to penicil- 
lin and responded to the initial course of peni- 
cillin. Death due to congestive failure occurred 
1 to 12 months after completion of penicillin 
therapy. 

Deaths During Treatment. Deaths before com- 
pletion of penicillin therapy occurred in 5 pa- 
tients in whom an alpha streptococcus endocar- 
ditis was present (table 4). The recovered 
organisms in this group were all sensitive to 
penicillin, requiring 0.02 to 0.09 unit per ce of 
culture for in vitro inhibition. Death in 2 of 


TaBLe 3.—Penicillin Sensitive Streptococcus Endocarditis. Deaths after ‘‘Cure”’ in 5 Patients 





| Penicillin 


| 


Penicillin Therapy 


Case No. Organism | Sensitivity Gallien waite’ 


: | Cause of Death 
(units/cc.) | 





0.5/day for 21 days | 
1.5/day for 21 days 
3.2/day for 21 days 
4.8/day for 21 days 
2/day for 21 days 


Congestive Heart Failure 
Congestive Heart Failure 
Congestive Heart Failure 
Congestive Heart Failure 
Congestive Heart Failure 


25 Alpha Streptococcus 
26 Alpha Streptococcus 
27 | Alpha Streptococcus 
28. Gamma Streptococcus 
29 Gamma Streptococcus 








TaBLE 4.—Penicillin Sensitive Streptococcus Endocarditis. Fatal Outcome Before Completion of Therapy 
in Patients 


Penicillin cial 


l Penicillin Therapy 
(units/cc.) | illi i 
| 


Organism (million units) Therapy and Response 


0.4 to 1.2/day for 1 to 21) Cerebral emboli in 2 pa- 
days tients; cause of death 


30-34 Alpha Streptococcus 0.02 to 0.09 


viridans streptococcus was isolated. The re- 
muining 3 were caused by gamma streptococci. 
P. nicillin therapy in a dosage varying from 0.4 
to 8 million units daily for 21 days proved effec- 
tive and these patients were all discharged as 
c.red. All have been free from recurrence for 2 
tc 36 months after completion of therapy. 


* Organisms requiring less than 1 unit of penicil- 
lin per ec. of culture for in vitro inhibition are con- 
sidered relatively sensitive to penicillin, and those 
reuiring 1 or more units are considered to be rela- 
tively resistant. 


undetermined in 3 pa- 
tients. 


these resulted from multiple cerebral emboli; 
in the rest the cause of death was undetermined. 

Failure to Respond to Initial Course of Peni- 
cillin. The cause of therapeutic failure in occa- 
sional patients with penicillin sensitive bacterial 
endocarditis is not known. Case 35 (table 5) 
had a relatively sensitive organism, requiring 
0.4 unit of penicillin per ce. for in vitro inhibi- 
tion. Positive blood cultures persisted after 
two courses of 2.4 and 16 million units of peni- 
cillin daily for 21 days each. Finally 32 million 
units daily for 12 days effected a cure. Case 36 
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responded to 5 million units daily for 21 days 
after failure to respond to 1 million units daily 
for a similar period. For the third patient (case 
37) the initial dosage of 320,000 units of peni- 
cillin daily was inadequate. Although the pa- 
tient was cured by streptomycin, it is felt that 
a repeated course of penicillin in a dosage of 2 
to 4 million units daily should have been the 
treatment of choice, because of potential toxic- 


TaBLeE 5.—Penicillin Sensitive Streptococcus Endocarditis. Failure of Response to Initial Course of Penicillin 


! 


determined and it was found that 2 to 4 ug. of 
aureomycin per cc. of culture produced in vitro 
inhibition of bacterial growth. 

In 3 patients (cases 38, 39 and 42) 10 to 20 
million units of penicillin daily for 21 days dic 
not result in negative blood cultures. One o: 
these patients (case 42) also received 4 Gm. o 
aureomycin daily. In all 3 patients, 20 millio 
units of penicillin daily were administered fo 


Sensitivity 


Organism oe 
Penicillin 
(units/cc.) 


— 
(a) 0.4 


Alpha Streptococcus 


(b) 0.4 


(c) 0.2 
Alpha Streptococcus (a) 0.005 
(b) 0.03 


Gamma Streptococcus (a) 0.09 





ity of prolonged treatment with streptomycin 
in large dosage. 


Penicillin Resistant Streptococcus Endocarditis 


There were 9 patients (20 per cent) in whom 
the organism was found to be relatively resist- 
ant to penicillin, requiring from 1.5 to 25 units 
of penicillin per cc. of culture for in vitro in- 
hibition. Five of these were cured and 4 had a 
fatal outcome. 

Cures. In table 6, bacterial sensitivity studies 
and therapeutic response have been correlated 
in 5 patients in whom penicillin resistant strep- 
tococci had been recovered. In all of these 
gamma streptococci with increased resistance 
to penicillin were recovered. In 3 patients 
(cases 38, 39 and 42) the gamma streptococci 
were resistant to from 125 to 250 ug. or more 
of streptomycin per cc. of culture. In 2 patients 
(cases 41 and 42) aureomycin sensitivity was 


~ Therapy and Response 
Streptomycin 
ug./cc. 


Penicillin, 2.4 million units/da\ 
for 21 days. Positive blood cul 
tures. 

Penicillin, 16 million units/day 
for 21 days. Positive blood cul 
tures. 

Penicillin, 32 million units/day 
for 12 days. Cure. 

Penicillin, 1 million units/day 
for 21 days. 


Penicillin, 5 million units/day 
for 21 days. 

Penicillin, 320 thousand units 
day for 35 days. Positive blood 
cultures. 

Streptomycin, 3.2 Gm./day for 
21 days. Cure 


an additional 3 to 6 weeks and resulted in cures. 
Case 40 was initially treated with penicillin 
despite negative blood cultures. When positive 
cultures were obtained after the initial treat- 
ment, it was not known if this represented a 
relapse or reinfection. Penicillin was given 
therefore in a dosage of 20 million units daily 
for 42 days and effected a cure. Case 41 had a 
penicillin resistant gamma streptococcus endo- 
carditis which was cured by 4 million units of 
penicillin daily for 2 days and 3 Gm. of aureo- 
mycin daily for 21 days. A reinfection with a 
penicillin resistant and aureomycin sensitive 
alpha streptococcus was cured by 20 million 
units of penicillin and 3 Gm. of aureomycin 
daily for 21 days. 

Fatalities. There were 4 patients with strep- 
tococcus endocarditis in whom the organisms 
exhibited increased resistance to penicillit 
(table 7). All of these died during penicilli: 





Ts 8LE 6.—Streptococcus Endocarditis with Increased Resistance to Penicillin. Bacterial Sensitivity Studies and 
Therapy in 6 Cured Patients 


; ——— Le 


Sensitivity 





Organism Therapy and Response 


Penicillin Streptomycin Aureomycin 
(units/cc.) (ug./cc.) (ug./cc.) 

38 | (a) Gamma Streptococcus | 0.1 | (a) Penicillin, 1 million units/ 
day for 21 days. Cure. 
| (b) Gamma Streptococcus | 6 (b) Reinfection. (1) Penicillin, 
20 million units/day for 10 
days, and 10 million units/ 
day for 11 days. Positive 
blood cultures. (2) Peni- 
cillin, 20 million units/day 
for 21 days. Cure. 

Gamma Streptococcus | 5 | Penicillin, 20 million units/ 
day for 10 days; and 10 mil- 
lion units/day for 11 days. 
Positive blood cultures. 

(b) Penicillin, 20 million units/ 
day for 27 days. Cure. 

(a) None | (a) Penicillin, 1.5 million units/ 
| | | | day for 21 days. Cure. 

| (b) Gamma Streptococcus : | (b) Penicillin, 20 million units/ 

day for 42 days. Cure. 

| (a) Gamma Streptococcus y (a) Penicillin, 4 million units/ 

| day for 2 days; aureomycin, 
| 3 Gm./day for 21 days. Cure. 

(b) Alpha Streptococcus (b) Reinfection. Penicillin, 20 

million units/day, and au- 

reomycin 3 Gm./day for 21 

days. Cure. 

(a) Gamma Streptococcus | ‘ Penicillin, 20 million units/ 

day for 19 days, and aureo- 

mycin, 4 Gm./day for 21 

days. Positive blood cul- 

| tures. 

| (b) Gamma Streptococcus | 5 (b) Penicillin, 20 million units/ 

| vat day for 42 days, and aureo- 
mycin sporadically (total of 
6 Gm.). Cure. 














‘ABLE 7.—Streptococcus Endocarditis with Increased Resistance to Penicillin. Bacterial Sensitivity Studies 
in 4 Patients Who Died During Therapy 


| * 
Sensitivity 


Organism ae Therapy and Response 


Penicillin | Streptomycin Aureomycin 
(units/cc.) (ug./cc.) (ug./cc.) 


Gamma Streptococcus | ; | Penicillin, 0.8 to 2.4 million 
units/day for 9 days. Died of 
heart failure and_ cerebral 
| thrombosis. 
Gamma Streptococcus | Penicillin, 8 million units/day 
for 21 days. Died of myocar- 
| dial infarction. 
Alpha Streptococcus | Penicillin, 4 to 20 million units/ 
| day for 10 days. Streptomycin, 
3.2 Gm./day for 10 days. Died 
of sepsis. 
Alpha Streptococcus | j | Penicillin, 5 million units/day 
Fen Sa for 10 days. Died of uremia. 
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therapy and the causes of death as listed were 
cerebral thrombosis and heart failure, myocar- 
dial infarction, sepsis and uremia. The dosage 
of penicillin employed in all of these was 
thought to have been inadequate and varied 
from 800,000 to 8 million units daily. One pa- 
tient (case 45) was initially started on 4 million 
units daily and for 2 days prior to death re- 
ceived 20 million units daily. It may be signifi- 
cant that all the patients who were cured re- 
ceived 20 million units daily, in contrast to the 
therapy given the 4 fatal cases. However, in the 
patients dying of uremia, cerebral thrombosis 
and myocardial infarction it is impossible to 
say that increased dosage of penicillin initially 
would have altered the course. 


TaBLE 8 —Duration of Course in 12 Fatal Cases of 
Staphylococcus Endocarditis 


Duration of 


No. of Cases Course (weeks) 


Organism 


S. Aureus 


S. Albus 


3 
1 
2 
1 
1 
1 
2 
1 


STAPHYLOCOCCUS ENDOCARDITIS 


During the three year period, 1947 to 1949 
inclusive, 18 patients with staphylococcus en- 
docarditis were seen at the Los Angeles County 
Hospital. The endocarditis in 9 of these patients 
was caused by Staphylococcus aureus, and in 9 
the causative organism was Staphylococcus al- 
bus. These patients are discussed separately 
from the streptococcus group because of sharp 
differences noted in mortality and resistance to 
antibiotics. 


Mortality 


Twelve, or 66 per cent, of these 18 cases had 
a fatal outcome. The fatalities were equally 
divided between S. aureus and S. albus, 6 pa- 
tients dying in each group. The authors were 
impressed by the acute and fulminating course 
in the 6 fatal cases of S. aureus endocarditis. 
All of these patients were dead within three 


weeks after the onset of their illness (table 8). 
At postmortem examination all had acute ul- 
cerative and vegetative valvulitis. Five of tiie 
6 had multiple septic infarcts and abcesses of 
the myocardium, liver, kidney, spleen, bore, 
and brain. The sixth patient died of a massi ’e 
cerebral embolus. The patients with S. albus 
endocarditis had a much more prolonged aiid 
subacute course, the illness lasting from thie 
weeks to as long as 10 months. This suggests 
that the strains of S. aureus in these patier ts 
were much more virulent than those of S. albi's. 
Other evidence supporting this thought is the 
fact that all of the recovered S. aureus organ- 
isms were coagulase positive, whereas all but 
one of the S. albus were coagulase negative. 


Resistance to Antibiotics and Therapeutic Re- 
sponse 


Various reports of increasing resistance of 
staphylococci to penicillin have appeared in the 
literature.*~> Barber* in 1946 studied various 
strains of staphylococci and found that 14 per 
cent were penicillin resistant, requiring more 
than 10 units of penicillin per cc. of culture for 
in vitro inhibition. By June 1948, in the same 
hospital, the incidence of penicillin resistant 
staphylococci had increased to 59 per cent. 

In Tables 9 and 10 bacterial sensitivity to 
antibiotics has been correlated with therapeutic 
response to antibiotics. Case 52 was seen at an- 
other hospital and has been included because 
of some interesting and valuable features that 
it presented. 

Increased Resistance of S. Aureus to Penicillin. 
Of the 10 patients with S. aureus endocarditis 
(table 9), 4 were initially resistant to penicillin, 
and in a fifth patient (case 50) the organism 
was sensitive at first, being inhibited by 0.1 
unit of penicillin per cc. of culture, but by the 
end of two weeks the resistance of the organism 
had increased so that 60 units of penicillin per 
ec. of culture were necessary for inhibition. 

There were 2 patients (cases 48 and 49) who 
exhibited marked bacterial resistance to peni- 
cillin. The organism in both of these was sensi- 
tive to aureomycin, being inhibited by 1 yg. per 
cc. of culture. After massive dosage penicilli1 
therapy failed to give a response, aureomyci1 
in a dosage of 1 Gm. every six hours resulted i1 
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a prompt drop in the temperature to normal 
w thin 24 hours. Aureomycin was continued 
for 21 days and both patients were discharged 
as cured after numerous negative blood cul- 
tures. At the present time, both are well, 12 
and 24 months respectively after discharge. 
Increasing Resistance of S. Aureus to Aureo- 
mycin. A fatal case of S. aureus endocarditis 


venous aureomycin was given in a dosage of .3 
to 1 Gm. every 6 hours. After nine days of 
therapy the temperature had returned to nor- 
mal, but blood cultures at this time still con- 
tained S. aureus. Bacterial sensitivity studies 
showed that the resistance of the organism had 
increased so that 40 ug. of aureomycin were 
now required for bacterial inhibition. 


TaBLE 9.—Coagulase Positive Staphylococcus Aureus Endocarditis. Bacterial Sensitivity Studies and Therapy 


Sensitivity 
Penicillin 


2 Streptomycin 
(units/cc.) 


(ug./cc.) 


0.2 
(a) 
(b) 180+ 


200+ 

(a) 

(b) 0.1 increased 
to 60 in 2 
weeks 

189+ 


in 10 Patients 


Aureomycin 


(ug./cc.) 


Therapy and Response 


Penicillin, cure. 

(a) 1946—Penicillin, cure. 

(b) 1948—Penicillin, resistant; Aureo- 
mycin, cure. 

Penicillin; resistant. Aureomycin; cure. 

(a) 1947—Penicillin; cure. 

(b) 1948—Penicillin; resistant. Died. 


Penicillin resistant. Died. 


180+ 5 increased to 40 | Penicillin; resistant; Aureomycin; died 


53-56 


in 10 days 


Died. No Sensitivity Studies. 


TaBLeE 10.—Staphylococcus Albus Endocarditis. Bacterial Sensitivity Studies and Therapy in 10 Patients 


Sensitivity 
Case No. 


Aureomycin 


(ug./cc.) 


aaa —— Therapy and Response 
Penicillin Streptomycin 


(units/cc.) (ug./cc.) 


0. 
0. 
3 
(a) 0.1 
(b) 0.2 
61-64 1-6-12-100 
65 12 


seen at another hospital has been included in 
this report (the sensitivity studies in this pa- 
tient were performed at the Los Angeles County 
Hospital). The organism in this patient (case 
52) was resistant to penicillin, requiring 180 
units per ce. for bacterial inhibition. Sensitiv- 
ity studies with aureomycin showed that 5 ug. 
of aureomycin produced bacterial inhibition. 
Aureomycin was thought to be the drug of 
choice and the patient received 1 Gm. orally 
every 4 hours for 48 hours. At this time intra- 





Penicillin, cure. 

Penicillin, cure. 

Penicillin and Aureomycin, cure. 

(a) Penicillin, recurrence after 2 weeks. 
(b) Penicillin, died of heart failure. 
Penicillin resistant, died. 

No therapy, died of heart failure. 


Shortly after therapy was discontinued, the 
patient developed a 2:1 A-V heart block and 
died within 36 hours. At postmortem examina- 
tion there was a large ulcerating vegetation of 
the anterior median leaflet of the aortic valve. 
This had extended into the atrial septum and 
down into the interventricular septum. Septic 
infarcts were present in the spleen and kidneys. 
This case demonstrates increased resistance of 
staphylococci to aureomycin. 

Increased Bacterial Resistance of S. Albus to 
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Penicillin. Of the 9 patients with S. albus endo- 
-arditis (table 10) 6 were resistant to penicillin, 
requiring from 1 to 100 units of penicillin for 
inhibition of bacterial growth. Three patients 
were also resistant to streptomycin and re- 
quired 25, 30 and 250 ug. of streptomycin per 
ec. of culture for in vitro inhibition. Four of the 
6 received penicillin in massive dosage and 
despite this had a fatal outcome. Case 59 re- 
quired 3 units of penicillin or 1 ug. of aureomy- 
cin for in vitro bacterial inhibition. This patient 
received both aureomycin and penicillin and 
was cured. 

Unfortunately aureomycin was not available 
for the + patients resistant to penicillin so that 
little can be said concerning the value of aureo- 
mycin in S. albus endocarditis. Three patients 
with S. albus septicemia were seen on the 
pediatric wards during the past year, and all 3 
were resistant to penicillin, requiring 180 units 
of penicillin per cc. of culture for in vitro in- 
hibition. The organisms in these cases were all 
sensitive to aureomycin, requiring | to 2 ug. 
for in vitro inhibition. Aureomycin therapy in 
these patients was very effective after penicil- 


lin had failed. This suggests that aureomycin 
may prove an effective antibiotic in penicillin 
resistant staphylococcus endocarditis. 


DiIscUSSION 


Streptococcus endocarditis, as seen at the 
Los Angeles County Hospital, differs from 
staphylococcus endocarditis in certain respects. 


Mortality 


The mortality in 46 patients with strepto- 
coccus endocarditis was found to be 20 per 
cent, whereas in 18 patients with staphylococ- 
cus endocarditis the mortality was 66 per cent. 
A contributing factor to the high mortality in 
staphylococcus endocarditis patients is the fact 
that the patient infected with S. aureus had an 
acute and fulminating course with the rapid 
development of septic infarcts and abcesses in 
the myocardium, kidney, spleen, brain, and 
other sites. 


Bacterial Sensitivity Studies 


Bacterial sensitivity studies showed that in 
20 per cent of the patients with streptococcus 


endocarditis the causative organism was resist - 
ant to penicillin, requiring from 1.5 to 25 units 
of penicillin for in vitro inhibition. In the group 
with staphylococcus endocarditis, in vitro bac- 
terial sensitivity studies were done on 15 of 19 
patients. In 66 per cent of the 15 patien's 
studied the infecting organisms were resistait 
to penicillin and required from 1 to 200 uniis 
of penicillin per cc. of culture for inhibition. 
The degree of penicillin resistance in the p:- 
tients with staphylococcus endocarditis was 
found to be greater than in patients with stre)- 
tococcus endocarditis. 


Therapeutic Management 


Patients with penicillin sensitive streptococ- 
cus endocarditis responded, except for a few 
instances, to adequate dosage of penicillin given 
for 21 days. The patients with penicillin resist- 
ant streptococcus endocarditis who were cured 
required 20 million units of penicillin daily for 
periods varying from 21 to 42 days. After 
reviewing the histories of the patients in this 
series with penicillin resistant streptococcus en- 
docarditis, it appears that such patients can 
be cured by 20 million units of penicillin daily 
for at least six weeks. At the present time little 
‘an be said about the value of aureomycin in 
penicillin resistant streptococcus endocarditis 
except that aureomycin sensitivity studies were 
done in 3 such patients and 2 to 4 ug. of aureo- 
mycin resulted in in vitro inhibition. Two of the 
3 patients (cases 41 and 42) received both 
penicillin and aureomycin for 21 days. One of 
them was cured by this method, but the other 
still had positive blood cultures at the end of 
treatment and was later cured by 20 million 
units of penicillin daily for 42 days. The aureo- 
mycin sensitivity tests done in these 3 patients 
suggest that this drug may be of value in peni- 
cillin resistant streptococcus endocarditis. Fur- 
ther investigation of the value of aureomycin 
in such patients is indicated. 

In patients with penicillin resistant staphy- 
lococcus endocarditis, aureomycin resulted in a 
cure in 2 patients (cases 48 and 49). In another 
patient (case 52) increasing resistance of a 5. 
aureus to aureomycin occurred during therapy 
so that by the tenth day of therapy 40 ug. of «u- 
reomycin were required for in vitro inhibition 
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SUMMARY 


(1) The response to therapy of 65 patients 
with bacterial endocarditis has been reported. 
0) this group 46 had streptococcus endocarditis 
and 19 staphylococcus endocarditis. 

(2) In patients with streptococcus endocar- 
diiis, relative resistance to penicillin was found 
in 20 per cent, and in those with staphylococ- 
cus endocarditis, in 66 per cent. 

(3) In penicillin resistant streptococcus en- 
docarditis, 20 million units of penicillin daily 
for at least six weeks is recommended. Aureo- 
mycin sensitivity tests suggest that this drug 
may prove of value. 

(4) In penicillin resistant staphylococcus en- 
docarditis, aureomycin has been effective in 2 
instances, and in a third patient increasing 


resistance to aureomycin developed during 
therapy. 
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Spatial Vector Electrocardiography 
A Method for Calculating the Spatial Electrical Vectors of 


the Heart from Conventional Leads 


By Rosert P. Grant, M.D. 


A new method for the interpretation of conventional electrocardiographic leads is presented. It is 
based upon evidence that all body surface leads tend to record from the same resultant electrical 
forces. The various leads write different QRS and T contours in a given case, then, simply because 
the axis for each of the leads has a different direction in the electrical field and therefore registers 
different components of these electrical forces. The method has many advantages over “pattern” 
methods of interpretation. To illustrate its use, a study of QRS vectors is presented with special 


reference to the §,S.8; pattern. 


OR MANY YEARS it has been recog- 

nized that the QRS and T deflections 

on each of the standard limb leads can 
be considered to be written by the same cen- 
tral QRS and T electrical forces. Recently it 
has been shown that the deflections in pre- 
cordial leads are, in many regards, written by 
exactly the same forces that are responsible 
for the limb lead deflections.! This has led 
to the development of a method for interpret- 
ing the ventricular electrocardiogram (ECG) 
by resolving the QRS and T deflections on the 
various limb and precordial leads into two 
electrical forces, a mean QRS force and a mean 
T force. 

The clinical interpretation can, to a large 
extent, be based upon the magnitudes and 
directions of these two mean forces, and, as 
will be seen, this is a more accurate and ob- 
jective method for interpretation than one 
based on “patterns.” In addition, such a 
method greatly simplifies many aspects of the 
clinical electrocardiogram and provides a ra- 
tional method for the study of the electrical 
factors responsible for the various QRS and 
T abnormalities which are encountered clin- 
ically. In the present paper, the method as 
adapted for routine interpreting of conventional 
leads will be described, and its validity dis- 
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cussed. In a second part of the paper, the ap- 
plication and usefulness of the method will 
be illustrated by considering the properties 
of QRS electrical forces in the human subject, 
with special reference to the forces responsible 
for the so-called S$,8.8; syndrome—tracings 
with conspicuous S waves in all three standard 
limb leads. In later papers, the spatial forces 
responsible for T-wave abnormalities and the 
altered QRS forces in myocardial infarction 
will be described. 


I. THE MertTHOD AND ITS VALIDITY 


The principles on which spatial vector elec- 
trocardiography are based are largely the con- 
tribution of Wilson and his colleagues,? and 
the method to be presented in this paper is a 
relatively simple extension of vector methods 
first used by Einthoven and later developed 
by Wilson,’ Bayley,‘ and others.’ Theoretic as- 
pects of spatial forces as applied to human 
electrocardiography have been discussed else- 
where,' and the present paper will present the 
method in as brief and nontechnical terms as 
possible. This necessarily requires omissions, 
simplifications, and generalizations. The reader 
is referred to the bibliography for more com- 
prehensive and accurate treatment of the sub- 
ject. 


Spatial Vectors 


The galvanometer is a measuring instru- 
ment, and the amplitude of an electrocard.o- 
graphic deflection is an extremely precise me::s- 
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urement of electrical forces of the heart at that 
i stant. To understand how to use a deflection 
a3 @ measurement of an electrical force it is 
yell to remember that any force, whether me- 
caanical, chemical or electrical, has three meas- 
urable properties: magnitude, direction and 
sonse. A mathematical symbol, the vector, may 
te used to indicate these three properties. A 
vector resembles an arrow; its length indicates 
the magnitude of the force, its inclination in- 
dicates the direction of the force, and the loca- 
tion of the arrowhead indicates the sense or 
orientation of electrical positivity for that force. 
Accordingly, an accurate way of looking at the 
electrical field of the heart is to consider the 
heart as generating QRS and T vectors at 
each region of the ventricular myocardium (fig. 
1A). The deviation of the galvanometric string 
from the baseline is a measurement of the pro- 
jection of the vector, or the extent to which it 
impinges on the axis of the given lead. The 
axis of a bipolar lead is the hypothetic line 
connecting the two points on the surface of 
the body where the electrodes are placed for 
the lead; the axis of a unipolar V lead is the 
hypothetic line from the point on the body 
surface where the exploring electrode is placed 
to the relative zero point of the electrical field, 
a point near the center of the heart. 

Although each part of the heart can be con- 
sidered to be generating its own QRS and T 
vectors, the galvanometer responds to the sum 
effect of all vectors generated at a given in- 
stant. Accordingly, as far as the electrocardio- 
gram is concerned, a single resultant vector 
can be considered to exist for each instant of 
the QRS and T cycles (fig. 1B). The changing 
contour of the QRS deflection on a given lead 
siply reflects the fact that the resultant QRS 
vector has a different direction and magnitude 
from one instant to another during the QRS 
cycle. When a positive deflection or R wave is 
wiitten in a given lead, this means that the 
resultant QRS vector for that interval of the 
QS cycle is pointing relatively toward the 
pc sitive electrode of that lead, and the ampli- 
tule of the R wave measures the extent to 
wi ich the force impinges on the axis of the 
le:d, that is, it measures the projection of the 
ve tor on that lead. If the R wave is followed 


by an S wave, this means that during the re- 
mainder of the QRS cycle the instantaneous 
vectors point relatively toward the negative 
pole of that lead, and the amplitude of the S 
wave measures the projections of these vec- 
tors on the axis of the lead. 

The explanation for this variation in the 
QRS vectors from instant to instant during a 
single QRS cycle is that, while the vectors are 
generally directed from endocardium to epi- 
cardium, all parts of the ventricular myocar- 
dium do not generate QRS vectors simultane- 
ously. The QRS process spreads from one region 
of the ventricles to another in accordance with 
the distribution of the Purkinje network, and 
therefore vectors from different regions of the 
heart dominate the electrical field at different 
intervals in the QRS cycle. Of course, the gal- 
vanometer does not record these anatomic dif- 
ferences, and it treats the vectors as if they all 
arose from the same point in the body (fig. 
1C). Accordingly, for electrocardiographie pur- 
poses, all the vectors can be considered to 
originate from a single point at the center or 
zero point of the electrical field. 

Because the instantaneous QRS vector is 
different in direction and magnitude from in- 
stant to instant during a QRS cycle, its end 
describes an irregular ellipse around the zero 
point during such a cycle. This ellipse is called 
the QRS vectorcardiogram or QRS loop (fig. 
1D). The resultant of all these instantaneous 
QRS vectors, that is, the single vector which 
expresses an effective single magnitude and 
direction for all of these instantaneous QRS 
vectors, is called the mean QRS vector, and is 
in general the same measurement as Eintho- 
ven’s Mean Electrical Axis. The electrical forces 
generated during repolarization can be treated 
as instantaneous T vectors, as an S-T-T loop, 
or as a mean T vector in the same way. 

The heart is a three-dimensional structure 
and the instantaneous and mean QRS and T 
vectors may have any direction in space. Ac- 
cordingly, the electrical forces of the heart are 
more accurately represented by spatial vectors, 
that is, vectors visualized three-dimensionally. 
The limb leads, whether unipolar or bipolar, 
form axes which lie in the frontal plane of the 
body, and their deflections are measurements 
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and bipolar limb leads only because the axis 
for each of the leads has a different direction 


678 
of only the frontal plane projection of the 


spatial vectors. Actually, unipolar and bipolar 


limb leads record from exactly the same frontal in the frontal plane, as shown in figure LF’. 


Fig. 1. Characteristics of QRS and T vectors. See text. 
The precordial leads, on the other hand, me:'s- 


ure the spatial vectors in various anterivr- 
posterior directions. When these leads are 


plane vectors, for the body surface connections 
are the same for each. The QRS and T de- 


flections are different in the various unipolar 
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corded by V-lead methods, the axes approxi- 
nate lines from the position on the chest sur- 
f.ce where the recording electrode is placed to 
the center of the heart. In general, then the 
ORS and T deflections written by the conven- 
tonal precordial V leads are measurements of 
projections of the spatial vectors on six axes 
which lie roughly in the coronal plane of the 
body (fig. 22). 

Although both precordial and limb leads are 
recording from the same spatial vectors, the 
precordial leads are nearer the center of the 
electrical field, and therefore a given unit of 
electrical force will produce a bigger deflection 
in a precordial lead than in a limb lead. For 
this reason, the magnitudes of precordial and 
limb lead deflections cannot be used together 
to determine the absolute magnitude of the 
spatial vectors. However, the positivity or nega- 
tivity of a precordial or limb lead deflection 
reflects the general direction of the vector; 
that is, it indicates whether the vector is point- 
ing toward or away from the recording elec- 
trode. For example, when a given precordial 
QRS deflection as a whole is positive, that is, 
when it encloses more area under its upright 
portions that under its inverted portions, the 
mean spatial QRS vector must be directed 
relatively toward that precordial electrode posi- 
tion. When the deflection is resultantly nega- 
tive, the mean spatial QRS vector must be 
pointing away from the electrode. When the 
deflection is transitional, the responsible mean 
vector must be directed exactly perpendicularly 
to the axis of the lead. 

\ccordingly, precordial and limb leads can 
be used together to determine the directions 
in space of the various instantaneous and mean 
vectors. Once the direction of a vector is known, 
it is quite easy to estimate its relative magni- 
tule from the conventional leads, as will be 
shown. However, it is not often necessary to 
measure the magnitude of a vector because 
this is not nearly so useful clinically as its 
di-ection. The reason for this is that a heart 
di-ease which is accompanied by significant 
el ctrocardiographic abnormalities is nearly al- 
Wi ys asymmetric in its involvement, that is, 
it affects one region or portion of the heart 
more than another. Therefore, the QRS or T 


process or both are affected asymmetrically 
in these cases, and the resultant directions of 
the vector or vectors are changed, with or 
without a change in magnitude. 

To determine the direction of a mean spatial 
vector, then, first its direction in the frontal 
plane of the body is determined. This is done 
on a drawing of the frontal plane triaxial sys- 
tem simply by deciding which limb lead has 
recorded the conspicuously largest or smallest 
resultant QRS deflection. The vector is parallel 
with the axis of the lead with the largest de- 
flection, or perpendicular to the axis of the 
lead with the smallest or, for a mean vector, 
the transitional deflection. Precise calculation 
of the deflections is not necessary, for it is 
usually immediately evident which lead has 
the largest or smallest deflection, keeping in 
mind the fact that the resultant enclosed area 
of the deflection, that is, the area under nega- 
tive portions of the deflection subtracted from 
the area under positive portions, must be the 
basis for this comparison. When the triaxial 
reference figure, its polarity, and its position 
in the body are clearly in mind, one can de- 
termine the directions of the mean QRS and 
T vectors in the frontal plane of the body within 
5 degree error from simple inspection of the 
leads by this method. 

Then, to determine how far anteriorly or 
posteriorly from its frontal plane projection the 
spatial vector is directed, one turns to the pre- 
cordial leads. As was shown, the mean spatial 
QRS vector will be perpendicular to the pre- 
cordial lead which records the transitional QRS 
complex. Accerdingly, having drawn the direc- 
tion of the mean QRS vector as seen in the 
frontal plane, the spatial QRS vector must 
have a direction anteriorly or posteriorly from 
this projection so that it is perpendicular to 
the axis of the precordial electrode which re- 
corded the transitional complex. 

This is easier to visualize if the chest is 
drawn three-dimensionally from the frontal 
view. The triaxial system is lightly drawn on 
the figure and the mean QRS vector as cal- 
culated for the frontal plane is added (fig. 1G). 
Then, the locations of the six precordial elec- 
trode positions are drawn on the figure, and 
the one which recorded the transitional QRS 
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complex is identified (fig. 1H). Obviously, this 
electrode position must lie on a line or pathway 
of electrode positions around the chest, all 
of whose axes are perpendicular to the spatial 
vector. This line is called the “transitional 
pathway” for that vector, and can be described 
as the line on the surface of the chest where a 
plane perpendicular to the spatial vector at its 
origin would intersect the surface of the chest. 
When the frontal plane projection of the vector 
is drawn on the figure and the location of the 
V lead with the transitional complex is iden- 
tified, it is a simple matter to draw the entire 
transitional pathway for the vector around the 
chest, for it must pass through this precordial 
electrode position. This makes the direction of 
the mean spatial QRS vector more graphic, 
looking as if it were mounted on a disc (fig. 
1J). All electrode positions on one side of the 
transitional pathway will write resultant posi- 
tive deflections for that vector, and all elec- 
trode positions on the other side will write 
resultant negative deflections for that vector. 
By using these same principles, the directions 
of the mean spatial T and S-T vectors can also 


be determined from simple inspection of the 
leads. 


To calculate the spatial QRS loop from con- 
ventional leads, exactly the same principles 
are used as in calculating the mean spatial 
vectors. First, the frontal plane characteristics 
of the loop are determined from the limb leads, 
and then the sagittal plane characteristics are 
determined from the precordial V leads. In 
drawing the frontal plane projection of the loop 
it has often been thought that simultaneously 
recorded limb leads were necessary. However, 
this is not so, provided several complexes on 
each lead are studied to equate variations due 
to shift of the heart in respiratory cycles, and 
provided one keeps in mind the physical law 
of network circuits called ‘‘Einthoven’s Law” 
which states that the amplitude of a portion 
of a deflection on Lead I plus the amplitude of 
the same portion on Lead III is equal to its 
amplitude on Lead II. For example, if, in a 
given patient, there are initial downward de- 
flections in the QRS complexes on Lead I, II 
and IIT, the Q wave on Lead II must be bigger 
than the Q wave on either of the other two 


leads. Since a given vector is parallel with the 
axis of the lead with the largest deflection, in 
this patient the instantaneous vectors for the 
first part of the QRS loop must be roughly 
parallel with the Lead II axis, pointing to the 
negative pole of that lead. Then, if the Q wave 
is conspicuously briefer in duration on one cf 
these leads than the other two, the loop must 
next extend toward a point on the triaxi:| 
system which is perpendicular to the axis cf 
that lead. Then, if the next part of the QR3 
complexes on these three leads is an R wave, 
the loop will now extend to a point on the ax's 
of the lead with the largest R wave, as far out 
along this axis toward the positive pole as the 
amplitude of the R wave indicates, and so 
forth. The construction of a QRS loop from 
the bipolar leads is illustrated in fig. 1K. In 
this way the QRS loop in the frontal plane can 
be drawn with reasonable accuracy as far as 
its general contour is concerned. Short-cuts 
and modifications of this method for drawing 
the loop will occur to the reader as he experi- 
ments with it. 

The standard limb leads provide deflections 
for three axes in the frontal plane and the 
frontal projection of the spatial loop can be 
calculated on these axes. When unipolar limb 
leads are taken in addition to the standard 
bipolar leads, the calculation of the frontal 
plane loop becomes more accurate, for now 
there are deflections for six axes in the frontal 
plane. When all six limb leads are available, 
it is usually simplest to draw the loop from one 
type of limb lead, and then modify it in ac- 
cordance with the deflections from the other 
type of lead. With a little practice the general 
contour of the frontal plane loop becomes quite 
easy to draw in this way. 

To calculate the spatial loop, that is, to de- 
termine the extent to which the instantaneous 
vectors at each part of the loop point anteriorly 
or posteriorly from their frontal plane pro- 
jections, the QRS complexes of the precordial 
V leads are used. The QRS deflections at Vi 
and V. may be used for certain of the sagitial 
plane characteristics of the loop. For examp'e, 
if in a given case these deflections have an ini- 
tial R wave followed by an S wave, the in- 
stantaneous vectors forming the first part of 
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he frontal plane loop must also be directed 
anteriorly to the frontal plane of the body, and 
he vectors making up the remainder of the 
rontal plane loop must be posteriorly directed. 
[lo make more accurate sagittal plane spatial 
neasurements of the loop, the precordial elec- 
rode position where a given part of the de- 
lection is recorded as a zero or isoelectric 
component of the deflection is identified. The 
instantaneous vector for this part of the QRS 
joop must be perpendicular to the axis of that 
precordial lead. Accordingly, by finding the 
locations of transitional points on the chest for 
three or four parts of the QRS cycle, the direc- 
tions of three or four instantaneous spatial 
vectors can be determined, and from these the 
general contour of the loop in space can be 
established. 

Still another way to determine the antero- 
posterior characteristics of the loop is to draw 
a coronal cross section of the chest. In a general 
way, the axes for all six precordial V leads lie 
in this plane (fig. 1F). Then, from the char- 
acteristics of the QRS complexes on each of 
the precordial leads, keeping the polarity of 
the leads in mind, the coronal projection of the 
loop can be drawn by following the same pro- 
cedure that was described for plotting the 
frontal plane loop from the three limb leads. 
By plotting the loop on the frontal, sagittal 
and coronal planes, and confirming the findings 
by the transitional pathway method, the spatial 
loop or any portion of it can be calculated as 
accurately as body surface electrocardiographic 
methods are ever likely to allow. 


The Validity and Usefulness of the Spatial Vec- 
tor Method 


There are, to be sure, limitations in the 
spatial vector method. Variations in chest size 
and contour from patient to patient make it 
inipossible to be sure of the directions of pre- 
ccrdial lead axes in a given case. Also, errors 
in precordial electrode placement will result 
in errors in calculations of the spatial vectors. 
However, these are sources of error in any 
mthod for interpretation which uses these 
pérticular precordial leads; they only become 
evident in the vector method because of the 
grater precision which such a method involves. 


The complexities of the generating processes 
of the heart, and the physical properties of the 
body as a conductor are still largely unknown; 
accordingly, any method for clinical electro- 
cardiography which is based upon body sur- 
face derivations can give at best only a vague 
and general notion of the characteristics of the 
cardiac electrical forces, no matter how ac- 
curate the recording equipment or how rational 
or precise the calculating method. 

How valid is this method for interpreting the 
electrocardiogram? How well does it satisfy 
current theory of the nature of the electrical 
processes of the heart and the conductive char- 
acteristics of the surrounding tissue? There has 
been general agreement among most workers 
for many years that limb lead deflections can 
be treated by vector methods. Indeed, “axis 
deviation” is a vector principle, for it is simply 
the direction of the mean QRS vector in the 
frontal plane. Precordial leads, on the other 
hand, have not previously been treated by 
vector methods because it was thought likely 
that, since precordial lead electrodes are nearer 
the heart than limb lead electrodes, they might 
be dominated by the potentials of the im- 
mediately subjacent surface of the myocardium 
and would not be recording as equally from the 
heart as a whole as do the limb leads. In short, 
they were thought to more closely resemble 
“direct” leads (leads taken by placing the elec- 
trode directly on the generating tissue and 
recording relatively exclusively the potentials 
generated immediately beneath the electrode) 
than “spatial” leads (leads remote enough to 
be recording relatively equally from all parts 
of the generating tissue). : 

Wilson and co-workers? who were the first 
to consider the spatial characteristics of these 
electrical forces and have done the most im- 
portant work in this field, recognized that to 
treat precordial leads as ‘‘direct”’ or as “‘spatial’’ 
leads is largely a difference in interpretation, 
and, depending upon the purposes of the study, 
either interpretation might be valid. For ex- 
ample, in the criteria they introduced for de- 
termining the position of the electrical field of 
the heart in the chest, a resemblance is sought 
between the QRS deflection in certain pre- 
cordial leads and the QRS deflections in one or 
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another unipolar limb lead; in this procedure 
both precordial and limb leads are treated as 
spatial” leads. On the other hand, in explain- 
ing the QRS deformity of myocardial infarc- 
tion, the precordial leads are said to lose their 
initial positive deflection because they ‘“‘over- 
lie’ the infarcted region of the myocardium, 
which is now to treat these same leads as 
“direct” leads. 

Strictly speaking there is no such thing as 
a perfect “direct” lead as far as the intact 
heart is concerned. Even when the electrode 
is placed directly on the surface of the heart it 
records potentials from remote regions of the 
heart as well as from the region with which it 
is in contact. When Lewis and Rothberger® 
introduced the direct lead method to study 
the time of arrival of the excitation process at 
the various regions of the heart, they concluded 
that only an extremely brief portion of the 
QRS deflection in a direct lead represents ac- 
tivation of the underlying myocardial tissue. 
This is the portion of the deflection where there 
is a sudden shift from relative positivity to 
negativity, recording the instant that excita- 
tion takes place in the tissue immediately be- 
neath the electrode. This sudden change in the 
deflection is called the “intrinsic deflection.” 
The portions of the deflection preceding and 
following the intrinsic deflection represent po- 
tentials from remoter parts of the heart and 
are called “extrinsic components.”’ 

In experimental animals and in human sub- 
jects in whom the heart has been surgically 
exposed, unipolar leads from the precordium 
have been shown to resemble leads taken di- 
rectly from the surface of the heart. To be sure, 
they are not identical, and therefore the in- 
trinsic deflection in the precordial lead has been 
called an intrinsicoid deflection. However, it 
is important to realize that this resemblance 
does not at all prove that precordial leads are 
more nearly “direct” leads than “spatial” leads. 
Indeed, no matter how remote on a radius 
from the heart a recording electrode is placed, 
it is probable that the deflection will always 
resemble in contour a “direct” lead deflection 
taken on the same radius from the heart. The 
reason for this is that, generally speaking, the 
vector at a given region of the heart is directed 


perpendicularly to the surface of the heart; 
therefore, the vector generated from a region 
of the heart which “faces” a given unipolar 
lead is parallel with the axis of that lead. || 
was shown earlier that when a vector is parallc] 
with the axis of a lead it writes its largest de- 
flection on that lead. Accordingly, the vector 
from the “facing” region of the heart will 
write the largest positive part of the QRS de- 
flection no matter how near or how far froin 
the heart the recording electrode lies. Similarly, 
the vectors responsible for the ‘‘extrinsic”’ con.- 
ponents of the direct lead have the same direv- 
tions relative to the axis of the given lead 
whether the electrode is directly on the heart 
or remote from it on the same radius. In shori, 
the principle difference between a “direct” lead 
deflection and a “spatial” lead deflection when 
the two are recorded on the same radius from 
the heart lies in the amplitude of the intrinsic 
deflection. The over-all contour of the deflec- 
tion will tend to be the same for the two elec- 
trode positions. 

The controversy about whether precordial 
leads should be treated as “direct” leads or as 
“spatial” leads is therefore largely a contro- 
versy in terminology. The precordial lead is 
both; and whether one chooses to treat it as 
one or the other depends upon which point of 
view will more usefully serve the purposes of 
the study. In a spatial vector method of in- 
terpretation, leads from various regions of the 
body surface are treated simply as different 
perspectives in the measurement of the QRS 
and T electrical forces generated in the heart. 
Accordingly, leads taken from any region of 
the body surface—and leads taken from directly 
on the heart could be incorporated into the 
method if such leads were readily available in 
a given patient—can within certain limits be 
rationally treated as “spatial’’ leads for the 
purposes of this method of interpretation. 

Experiments have been reported in which 
the QRS and T deflections in precordial leads 
were critically compared with the actual char- 
acteristics of the QRS and T electrical forces 
of the heart in order to see if the intrinsic de 
flections dominated the mean characteristi:s 
of these deflections.' It was found in eight care 
fully conducted experiments that the precord 
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leads were recording the mean characteristics 
of the QRS and T spatial forces with consid- 
erable accuracy. The method was then sim- 
plified so that this relationship of precordial 
ieads to the electrical field of the heart could be 
studied in large numbers of subjects, and in over 
\000 consecutive clinical electrocardiograms no 
significant discrepancies were encountered. 

There is one other factor which is relevant 
in evaluating the validity of vector methods 
when applied to the human subject. If one ac- 
cepts the theory that the electrocardiogram is, 
in effect, a record of fluctuating potentials 
generated from a dipole near the center of a 
volume conductor, it is a physical and mathe- 
matical fact that the simplest and most ele- 
mentary of all methods for studying these 
potentials would be a spatial vector method. 
In such a method no concessions would be 
made for the possibility of variations in con- 
ductivity in various regions of the body, the 
eccentric anatomic position of the heart would 
be disregarded, and no allowances would be 
made for the disparity in the electrical remote- 
ness of the various lead electrodes. It was 
found in the experiments cited and in a sub- 
sequent experience with over 4000 consecutive 
clinical electrocardiograms in which the spatial 
vector method of interpretation has been used, 
that infrequently were there discrepancies or 
inconsistencies which could not be attributed 
to technical errors in electrode placement or to 
unusual problems in chest contour or heart 
position. It seems likely therefore, that, al- 
though there most certainly are measurable 
differences in tissue conductivity in various 
regions of the body and incongruities in the 
geometric figure which the electrical field of 
the heart represents, these variables are not 
gieat enough to interfere with the validity of a 
simple spatial vector method. 

If the assumptions on which the spatial vec- 
tor method is based are correct, its use in clin- 
ic ul electrocardiography has several advantages 
over empiric “pattern” methods, whether the 
vector method is used to supplement conven- 
tional methods or is used alone. 

(1) All possible variations and abnormalities 
oi QRS and T deflection contours on all possi- 
ble body surface leads are due simply to one or 


another variation in the direction of mean or 
instantaneous spatial vectors. Thus, the vast 
number of different “patterns” which may be 
encountered in the various leads for different 
types and degrees of electrocardiographic ab- 
normality can be reduced to just two variables: 
the direction of the mean spatial QRS vector 
and the direction of the mean spatial T vector. 

Plotting the spatial QRS loop is often helpful 
in the analysis of the tracing, and this reduces 
the different QRS contours which may be en- 
countered on the various leads to a single 
determination also. Thus, “pattern” memoriz- 
ing, and the consulting of tables of the “normal 
ranges”’ for deflection size on the various leads 
becomes largely unnecessary. 

(2) When the directions of the mean spatial 
QRS and T vectors and the contour of the 
spatial QRS loop are known for a given patient, 
the QRS and T contours for leads from any 
region of the body surface can be predicted. 
The reason for this is that any additional body 
surface lead merely represents another axis 
through a known electrical field. If the direc- 
tion of the axis is known, it is easy to predict 


the deflection which a given QRS loop or mean 
T vector would write on that lead. This has 
been tested experimentally and has been found 
to be true. Accordingly, spatial vector methods 
for interpretation tend to eliminate the need 
for additional leads and leads from unusual 
regions of the body. 


II. Spatra, QRS Vectors 
1. Material and Methods of Study 


To illustrate the usefulness of the spatial vec- 
tor method for routine clinical electrocardiog- 
raphy and to demonstrate the type of informa- 
tion it gives, the QRS vectors in the normal 
subject will be discussed and an analysis of the 
vectors in the $,8.S; syndrome presented. The 
material on which this study is based was 
obtained from 3000 consecutive clinical elec- 
trocardiograms in the files of the Grady Memor- 
ial Hospital. Eighty tracings in this group had 
conspicuous S waves on each of the standard 
limb leads and represent the $,S.S; cases. The 
remaining tracings represent a control expe- 
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rience with many different types of normal and 
abnormal electrocardiograms. 

In each case, in addition to the three stand- 
ard limb leads, conventional precordial leads 
(V; to Ve) were recorded. In about half of the 
subjects unipolar extermity leads of the Wilson 
type were available, and, in several subjects, 
the “spatial” lead described elsewhere had been 
taken.! A few subjects were also studied by 
frontal and sagittal plane oscilloscopic vector- 
cardiographic methods. 

For each subject the mean spatial QRS and T 
vectors and the spatial ventricular gradient 
were determined. In the illustrations, the fron- 
tal plane characteristics of the vectors are 
drawn on the standard limb lead triaxial sys- 
tem. The spatial directions of the mean vec- 
tors are shown by adding an appropriate three- 
dimensional perspective to the frontal plane 
drawing. The spatial directions of the QRS 
loop are shown by drawing the frontal, sagittal 
and coronal projections of the loop. As will be 
shown, there are advantages in considering 
certain parts of the QRS loop independently. 
For this purpose a mean spatial vector for 
each .04 second of the loop is identified, -the 
.04 and .08 vector in the illustrations. In cases 
with a QRS interval over .10 second, .12 and 
.16 vectors are added to the illustrations. 

In each case, the directions of the various 
QRS forces were identified and the forces re- 
sponsible for the terminal portions of the de- 
flections compared with the directions of earlier 
forces. In addition, to evaluate the extent to 
which excitation processes were normal, the 
directions of the mean spatial T vector and the 
spatial ventricular gradient were established 
in each case. These data were then interpreted 
in the light of the size, function and anatomic 
position of the heart, and the body build of the 
subject as described in the clinical record. 

The method for calculating the instantaneous 
and mean QRS vectors has already been de- 
scribed. Calculating the direction of the spatial 
ventricular gradient is a simple extension of 
this method, for the gradient is the vector sum 
of the mean spatial QRS and T vectors. How- 
ever, in order to add two vectors their magni- 
tudes must be known as well as their directions. 
To determine these, the resultant enclosed areas 


of the QRS and T deflections are compared on 
each of the various leads. Then, when the 
frontal plane directions of the mean vector: 
have been plotted on the triaxial system, they 
are given magnitudes relative to one anothe: 
which correspond with the relative magnitude; 
of the deflections. For example, if after de 
termining the directions of the mean QRS an 

T vectors in the frontal plane in a given sul 

ject, the T waves on the limb leads are note: 

to tend to enclose about twice as much resuli 

ant area as the QRS complexes, the T vector i 

made twice as long as the QRS vector on th: 
triaxial system. Then to determine the magni 

tudes of the vectors in space, the same typ: 
of comparison of QRS and T deflections is don: 
from the precordial leads, indicating the magni 

tudes of the two vectors relative to one anothe: 
in the anterior-posterior plane. 

To add two vectors, they are treated as ad 
jacent sides of a parallelogram, the parallelo 
gram is completed, and the diagonal of the 
parallelogram is the sum of the two vectors. 
Accordingly, having visualized the spatial mag- 
nitudes and directions of mean QRS and T 
vectors, one needs merely to visualize the paral- 
lelogram they form, and the diagonal of this 
figure indicates the general direction of the 
ventricular gradient in the given case. 


2. Characteristics of Spatial QRS Vectors 

From a spatial vector point of view, three 
types of QRS abnormality are recognized clin- 
ically. (a) When a region of ventricular myo- 
cardium is electrically inert or dead, the in- 
stantaneous vectors for the first .03 to .04 
second of the spatial QRS loop are caused to 
have abnormal directions, while the remainder 
of the loop may remain normal. This is char- 
acteristically seen in myocardial infarction. The 
abnormally directed vectors point away from 
the infarcted region of the heart. Since this is 
usually the left ventricle, the initial QRS vec- 
tors generally point toward the negative poles 
on the triaxial system, accounting for the “Q 
waves”’ recorded in one lead or another in this 
disorder. 

(b) Abnormalities in the magnitude and d- 
rection of the mean spatial QRS vector are 
seen when one or the other ventricle is hype’- 
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trophied or enlarged. The reason for this is that 
cnlargement causes the QRS vectors from that 
ventricle to be larger than normal and to dom- 
inate the QRS electrical field. Accordingly, 
when the direction of the mean spatial QRS 
.ector is determined in such a case, it will point 
toward the affected ventricle, wherever in the 
chest it may lie. 

(c) Abnormalities in timing of QRS vectors 
without abnormalities in the forces themselves 
occur when one or the other bundle branch is 
blocked. The QRS interval is prolonged with 
terminal vectors of the QRS loop generated 
from the blocked ventricle in such a case. 
Accordingly, to determine which bundle branch 
is blocked one need merely evaluate the direc- 
tion of the terminal vectors of the spatial loop, 
and they will point in the general direction of 
the blocked ventricle, wherever in the chest it 
may lie. 

In the average normal subject, the QRS 
loop is relatively narrow and elongate. Its di- 
rection in the body varies with the age and 
body build of the subject. 

In adolescence and in young adulthood the 
QRS loop has a relatively more vertical posi- 
tion, and in the average healthy subject of 20 
years of age it is directed 70 to 95 degrees 
vertically from the Lead I axis, that is, nearly 
perpendicular to Lead I. Beyond this age it 
begins to drift leftward. By 35 years, it is often 
about 45 degrees from Lead I, and in the elderly 
subject it is frequently parallel with this lead. 
In the sagittal view in all age groups the loop 
tends to be directed somewhat posteriorly to 
the frontal plane. In young people, this poste- 
rior direction may be only 10 to 15 degrees; 
in older subjects it is frequently as much as 
45 to 50 degrees. 

These variations in direction of the spatial 
loop and the mean spatial QRS vector are per- 
haps partly due to an actual anatomic rotation 
of the heart as the years pass. However, prob- 
ably of greater importance are the variations 
i the relative thickness and surface area of the 
‘wo ventricles in these age groups, the right 
\entricle relatively dominating the QRS elec- 
‘vical field in infancy, to a less extent in adoles- 
cence, and the left ventricle dominating the 
clectrical field in older age groups. In the obese 


subject regardless of his age the loop tends to 
be relatively horizontal in direction, while in 
the thin subject it is usually quite vertical. 

Regarding the exact contour of the loop in 
normal subjects, vectorcardiographic recordings 
show that it is actually a relatively tortuous 
structure with many irregularities and twists 
in its pathway around the triaxial figure. These 
irregularities represent minor variations in the 
directions of successive instantaneous QRS vec- 
tors and are often too small to be detected in 
conventional linear electrocardiographic deflec- 
tions. Whether they are of clinical significance 
or not must await further experience with oscil- 
loscopic recordings of the loop. 

There are both theoretic and practical rea- 
sons for dividing the spatial QRS loop into two 
portions of .04 second each and assigning a 
mean vector to each, a spatial .04 and a spatial 
.08 vector. For example, it is well established 
that the vectors during the first .04 second of 
the QRS cycle are principally the result of de- 
polarization of the endocardial surface of the 
two ventricles, for this is believed to be the 
length of time it takes an impulse to spread 
throughout the Purkinje network to the inner 
layers of myocardium. Accordingly, the direc- 
tions of the instantaneous vectors during the 
first .04 second of the loop tend to reflect the 
sequence in which the various regions of the 
endocardium receive Purkinje stimulation. On 
the other hand, the vectors during the last 
.04 second of the QRS cycle are due to depolari- 
zation of more epicardial layers. Since con- 
duction is much slower across the myocardial 
wall than it is along the Purkinje network, the 
sequence in which the various regions of epi- 
cardium generate their QRS vectors is likely 
to be different from the endocardial sequence, 
and will vary to a certain extent with the thick- 
ness of the myocardial wall at each region of 
the heart. In other words, in general, the vec- 
tors during the first .04 second of the loop come 
from a different part of the heart, follow a dif- 
ferent sequence, and are subject to different 
variables from the vectors during the last .04 
second of the loop. 

There is indirect evidence that the very first 
vector of the QRS cycle in the normal subject 
is generated from the left side of the inter- 
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ventricular septum. The concept of a “septal 
Q wave”’ is based upon this evidence, most 
workers assuming that the force is somewhat 
perpendicular to the septum in direction. Ac- 
tually, however, the vector characteristics of 
this force in the human subject are entirely 
unknown. The duration of the period of prin- 
cipally septal excitation is not known, and 
therefore it is difficult to decide how much of 
the initial part of the QRS loop to attribute to 
it. In a few subjects free of heart disease, meas- 
urements of the spatial .04 vector were made 
by the tetrahedral method shortly before death 
and its direction compared with the lay of the 
septum at postmortem examination. It was 
found in these cases that the .04 vector was 
more nearly parallel with the long axis of the 
septum than perpendicular to it. 

It should also be pointed out that even if the 
direction of the septal vector were known, the 
empiric recognition of a “Q wave” on one or 
another lead does not necessarily indicate the 
location of the septum in that subject. The 
reason for this is that, in a volume conductor 
like the human body, a given vector projects an 
area of relative negativity on one half of the 
body surface, and an area of resultant positivity 
on the other half. Therefore a Q wave might 
be recorded from the septal vector when the 
electrode is placed at any point on nearly half 
of the entire chest surface. For this reason, a 
Q wave or any other deflection on a single lead 
sheds little light on the direction of the re- 
sponsible vector. Furthermore, the duration 
of the Q wave must be taken into consideration 
before attributing it to a given vector from a 
specific anatomic region of the heart. Thus a 
Q wave of .02 second on a given lead is due to 
a resultant vector differently directed from 
that writing a Q wave of .04 second in another 
lead. These considerations of the interpretation 
of “septal Q waves” apply also to the anatomic 
interpretation of ‘‘Q waves” in myocardial in- 
farction. 

From a clinical point of view, the spatial 
.04 vector is likely to be altered in direction 
when there is a localized disturbance of endo- 
cardial depolarization such as might occur with 
a disorder of the Purkinje network or with 
death of a region of endocardial myocardium. 


This latter appears to be the cause of the ab- 
normally directed .04 vector in myocardial in- 
farction. If the infarct should be transmural, 
one might expect the .08 vector also to be «l- 
tered in direction. This is not often seen, how- 
ever, perhaps in part because a given sizd 
transmural infarct will involve a_ relatively 
smaller portion of epicardial than endocardial 
area. 

An understanding of the factors governing 
the direction of the .04 vector is extremely 
important in clinical electrocardiography {or 
the only difference between the normal sub- 
ject and the subject with a myocardial infare- 
tion, as far as the QRS forces are concerned, 
is the direction of the vector for the first .04 
second of the loop. In the normal subject it 
tends to be parallel with the mean spatial 
QRS vector. In the subject with an infarct it 
tends to point away from the location of the 
infarct and since infarcts occur nearly always 
in the left ventricle, it will tend to point away 
from one or another region of the left ventricle. 
It can be readily imagined that with unusual 
positions of the heart in the chest, with varia- 
tions in the magnitude of the putative septal 
force, or with unusual locations of the infarct, 
the normal subject and the subject with an 
infarct might have “‘Q waves” recorded at very 
nearly identical locations on the body surface. 
It is only by learning more about the factors 
contributing to the direction of this .04 vector 
in the normal and abnormal subject that the 
electrocardiographic diagnosis of myocardial in- 
farction from the QRS complex will come to 
have a rational and secure foundation. These 
aspects of the .04 vector will be discussed in 
greater detail in a later paper concerned with 
the spatial QRS forces in myocardial infarction. 

As far as the spatial .08 vector is concerned, 
it is the resultant of vectors from the more epi- 
cardial regions of the heart. In the majority 
of normal subjects, it points posteriorly and 
leftward, as if a region on the posterior surface 
of the left ventricle were either the last epi- 
cardial region to be depolarized or generated 
the largest potential for this interval. On the 
other hand, in certain children and young adu'ts 
who are otherwise altogether normal, a term- 
inal contribution from a superior part of the 
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ight ventricle appears to be present and may 
occasionally be quite large in magnitude. This 
will be further discussed in connection with the 
S15253 cases. 

Abnormalities in the direction of the spatial 
08 vector will be seen when either a region of 
ventricular wall is increased in thickness, or 
there is a defect in the conduction system. In 
the former case, the terminal vector will tend 
to point toward the thickened or hypertrophied 
region, and in the latter case it will point to- 
ward the blocked region. Of course, when the 
hypertrophy is marked or when the bundle 
block is complete, there will be prolongation 
of the QRS interval, and it will be the .12 or 
16 veetor which points toward the abnormal- 
ity. 

In the majority of normal subjects the spatial 
.04 and .08 vectors are relatively parallel to one 
another, reflecting the elongate contour of the 
QRS loop. They have relatively the same di- 
rection as the mean spatial QRS vector, and 
the ventricular gradient is usually not more 
than 30 degrees from this direction. In addi- 
tion, the spatial .04 and .08 vectors have char- 
acteristic directions relative to one another in 
various age groups and various heart positions. 
When the heart is vertical in position as in 
young adult subjects, the mean QRS vector is 
relatively perpendicular to the Lead I axis, and 
the .04 vector usually lies to the left of and 
anteriorly to the .08 vector. In older subjects 
with a more horizontal position of the heart, 
the mean spatial QRS vector is relatively paral- 
lel with the Lead I axis, and the .04 vector 
usually lies to the right of and anterior to the 
08 vector. These variations in the directions 
of the .04 and .08 vectors relative to one another 
are no doubt due to the dynamic and. anatomic 
changes which take place in the relationship 
o! the right to left ventricle in the various age 
groups. There are, however, many individual 
variations in this pattern and precise studies 
0: thisrelationship have not yet been performed. 

It is well to remember that both the .04 and 
8 vectors are resultant vectors. That is, their 
drections are the average for all the instantan- 
eous vectors generated during these relatively 
gross periods of the QRS cycle. Accordingly, 
in only the most general way-do they reflect 


excitation at discrete anatomic sites in the 
heart. 


3. The Spatial QRS Forces in the SySoS3 Syn- 
drome 

At the outset it must be pointed out that to 
catalog tracings according to the presence or 
absence of certain contours in the QRS com- 
plex on each of the standard limb leads is ex- 
tremely arbitrary. A difference of only a few 
degrees in the direction of an instantaneous 
QRS vector will change it from writing an R 
Wave on a given lead to writing an S wave on 
that lead. For example, if, in a given patient, 
the .08 vector should be directed cephalad and 
perpendicular to the axis of Lead I, the QRS 
complex on Lead I will have an isoelectric 
portion for the last .04 second of the deflection, 
while Leads II and III will have terminal S 
waves. Should, now, this vector be directed 
only a few degrees leftward of this position, 
Lead I will have an R wave terminally; on 
the other hand, if it should shift only a few 
degrees rightward of its original direction, it 
will write a terminal S wave on this lead. In 
the former instance the tracing would be cata- 
loged as an R,S.S;3 tracing and in the latter 
instance, as an §,S.83 tracing. 

In order for an S wave to appear on all 
three limb leads, the .08 vector must point 
somewhere in an are of 60 degrees toward the 
right shoulder. Obviously the factors which 
produce an §,8,.8;3 tracing in one patient may 
produce an §,82R; or R,S.8; tracing in other 
subjects because of minor factors such as dif- 
ferences in body build or in the position of the 
heart in the chest. 

The arbitrariness of cataloging tracings ac- 
cording to the contours of the QRS deflections 
on certain leads becomes even more obvious 
when the electrical field is considered spatially. 
Thus, if a given QRS loop should be directed 
markedly posteriorly, it will write limb lead 
deflections which are quite different in contour 
from those written when the same loop is 
flush with the frontal plane. This is the limita- 
tion of attempting to tabulate the characteris- 
tics of QRS and T deflections in individual leads 
such as the precordial V leads, for, in these 
tabulations of ‘normal ranges,’ the charac- 





688 SPATIAL VECTOR ELECTROCARDIOGRAPHY 


teristics of the electrical field in other planes 
of the body are disregarded. 

For convenience of discussion, the §,S.S3 
cases are divided into three groups. Group I 
are those cases with QRS intervals of .12 second 
or less; group II are those cases with a QRS 
interval of .12 to .14 second, and group III 
are those with a QRS interval over .14 second. 

Of the 80 cases, 59 belonged to group I. In 
nearly all of the cases in this group, the S 
waves were due to forces which in the frontal 
plane were directed toward the right side of the 
neck or right shoulder. In the sagittal plane, 
there was considerably greater variation in 
direction of the .08 vector. In 4 cases it was 
directed slightly anteriorly to the frontal plane, 
in 24 cases it was directed nearly completely 
posteriorly, and in the remaining cases it was 
directed somewhere between these two ex- 
tremes. In the cases with an anteriorly directed 
.08 vector, the .04 vector tended also to be 
more anteriorly directed than usual, and in 
those with a posteriorly directed .08 vector, the 
.04 vector tended to be more posteriorly di- 
rected. In other words, those cases with an 
anteriorly directed .08 vector tended to have 
a fat, reniform QRS loop (fig. 2, tracing 1) 
and those with a more posteriorly directed .08 
vector tended to have a more elongate loop, 
approaching that of the normal subject (fig. 
2, tracing 5). From a clinical point of view, the 
impression was gained that this group of 88.8; 
tracings was more commonly encountered 
among young subjects. However, the series was 
inadequately controlled to permit definite con- 
clusions in this regard. 

From these electrical findings it was evident 
that in group I there tended to be an orderly 
transition in §,8.8S; cases from those with a 
rightward and anteriorly directed .08 vector, 
through those in whom the .08 vector was 
nearly completely posteriorly directed, to the 
normal subject in whom the .08 vector was 
leftward in the frontal plane and just slightly 
posterior to the .04 vector. This transition is 
illustrated in figure 2. Tracing 1 is an example 
of an anteriorly directed .08 vector; tracings 2 
through 5 illustrate greater and greater degrees 
of posterior direction of the .08 vector, and 


tracing 6 illustrates a nearly normal relation- 
ship between the .04 and .08 vector. 

The tracings used in this figure were selected 
for their QRS properties alone. In some, the 
ventricular gradient is abnormal, and _ these 
were from subjects with organic heart disease. 
Others were from subjects with no electro- 
cardiographic or clinical evidence of heart dis- 
ease. In the group as a whole there was no 
consistent relationship with any particular type 
of heart disease. Indeed, the majority of sub- 
jects of this group had no heart disease, and it 
can therefore be concluded that an 8,88; trac- 
ing with a QRS interval of .12 second or less 
is not necessarily indicative of the presence of 
organic heart disease. 

What is the cause of the abnormally directed 
.08 vector in these cases? The likeliest explana- 
tion is that, in a given subject, either a region 
in the right ventricle or a region on the poste- 
rior surface of the left ventricle may be the last 
site of epicardial depolarization. In the vast 
majority of normal subjects, the left ventricular 
site is the last region of the heart to be de- 
polarized and in these cases, the .08 vector is 
leftward, posterior and inferior in direction, 
resembling tracing 6 in figure 2. In an extremely 
small number of subjects, the right ventricular 
site is the last region to be depolarized, and 
these are the instances with a rightward, supe- 
rior and anterior .08 vector, as in tracing 1. 
In a considerably larger number of subjects 
than this latter group, but representing perhaps 
only 5 per cent of normal subjects, both sites 
are generating terminal forces and the .08 vec- 
tor has a direction intermediary between the 
two extremes. 

It has long been appreciated that a region 
on the posterior surface of the left ventricle 
is usually the last epicardial region of the heart 
to be depolarized. It should not be unexpected, 
however, that occasionally some other region 
may be the last site of depolarization in other- 


wise normal subjects. Depending upon the 


thickness of ventricular wall at one or another 
region, and depending upon congenital vari.- 
tions in distribution of conduction tissue among 
different subjects, some other site might |e 
later than this in undergoing depolarization or 
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Fia. 2. Five cases of S: S2 8; pattern illustrating varying degrees of posterior direction of the .08 
vector, and one case, tracing 6, which approaches the normal in the direction of its .08 vector. The 
standard limb leads, V:, V2, V3, Vs, and V¢ precordial leads, frontal and coronal planes projections 
of the QRS loop, and the spatial directions of the .04 and .08 vectors are shown. 


contribute a vector of larger magnitude. How- particular direction might be generated, con- 
ever, when an anatomic site in the right ven- siderable difficulty is encountered. The vector 
iricle is sought where an .08 vector with this points rightward, superiorly and slightly an- 
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teriorly, and it is difficult to envision an epi- 
cardial surface of either right or left ventricle 
which faces in this particular direction. 

The explanation for the .08 vector in these 
S,8.83 cases was therefore obscure until Koss- 
mann and his co-workers’ reported studies of 
terminal QRS forces, using intracardiac leads. 
In these studies, QRS complexes were recorded 
from a number of different points within the 
heart as the electrode-catheter was withdrawn 
from the pulmonary artery into the right ven- 
tricle. This represented a series of recordings 
of QRS electrical forces along a relatively ver- 
tical axis within the electrical field of the heart. 
Then, QRS complexes were recorded as the 
electrode was withdrawn through the right 
ventricle into the right atrium. This represented 
another series of recordings of the same forces 
along a vertical axis slightly to the right of the 
previous one. Transitional or null forms of the 
terminal part of the QRS complex were identi- 
fied in each of the two series. It should be clear 
from the previous discussion that the null de- 
flection in each series of tracings must have been 
recorded from a point perpendicular to the 
vector responsible for that part of the QRS 
complex. Therefore the vector responsible for 
the terminal deflections in these cases must 
have been generated from an anatomic region 
in the plane which includes the two points 
where the null deflections were recorded. By 
this method, Kossmann and his co-workers 
found that in certain subjects there are forces 
in the last third of the QRS cycle which are 
generated from a region in the superior part of 
the right ventricle and are directed superiorly 
and to the right. On anatomic study it was 
found that the likeliest source of these forces is 
the thick muscle bundle forming the superior 
margin of the tricuspid orifice, the crista supra- 
ventricularis. It was accordingly apparent that 
in some subjects this region of the heart plays 
an effective role in the generating vectors dur- 
ing the last third of the QRS cycle This study 
did not relate this finding to the §,S.8; syn- 
drome. Nevertheless, the direction of the force 
in the study by Kossmann and associates and 
the direction of the .08 vector in S8,8.8; sub- 
jects is strikingly similar. 

That the crista supraventricularis might oc- 


casionally be a late site of depolarization seems 
likely insofar as it may show considerable varia- 
tion in size from subject to subject. For exam- 
ple, in congenital heart disease it is occasionally 
markedly hypertrophied, and in the tetral- 
ogy of Fallot it contributes to the pulmonic 
stenosis of this syndrome. It is conceivable 
therefore, that among certain otherwise normal 
subjects this structure may be thick enough 
to delay local epicardial depolarization and 
contribute large QRS forces at the end of the 
QRS cycle. It is also likely that the size of the 
crista varies in different age groups along with 
other of the anatomic and dynamic changes in 
the two ventricles as age advances. It would be 
relatively larger in younger subjects, consistent 
with domination by the right ventricle in this 
age group. Unfortunately, no critical measure- 
ments of the crista among normal subjects are 
available in the literature so these possibilities 
remain unconfirmed. 

There are several reasons why this explana- 
tion for the S,S.S; syndrome is reasonable. It 
would explain why this syndrome may be en- 
countered among otherwise perfectly normal 
subjects. It would account for the apparently 
higher incidence of the syndrome among 
younger subjects. It would account for the 
rarity of anteriorly directed abnormal .08 vec- 
tors and the frequency of posteriorly directed 
abnormal .08 vectors, for, with lesser degrees of 
enlargement of this structure, intermediary de- 
viations from the normal in the direction of the 
.08 vector would occur. It would explain why 
many but not all of this group of subjects with 
S,8.8; tracings have slightly prolonged QRS 
intervals, from .10 to .12 second, for, with this 
region of the heart delayed in its depolariza- 
tion, the QRS interval might frequently ex- 
tend slightly beyond the normal .08 to .09 
second. And finally, it would explain why the 
.04 vector is more anteriorly directed when the 
.08 vector is rightward and anterior in direction, 
for early left ventricular forces might tend to 
be free of opposing right ventricular forces in 
such cases. 

How can one be sure that these tracings do 
not represent a form of right bundle brancl) 
block, perhaps due to a congenital variation 1 
the distribution of conduction tissue in thi 
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region of the right ventricle? Unfortunately 
there is no way to differentiate delay in QRS 
forces due to an increase in ventricular wall 
thickness from that due to a local conduction 
defect so this question cannot be categorically 
answered. The fact that the S,S.S; syndrome 
appears to be more frequent in younger age 
groups favors variation in right ventricular 
muscle thickness as its cause because it indi- 
cates that the defect may be reversible. 

In group II, the eleven cases with a QRS 
interval of .12 to .14 second, left ventricular 
hypertrophy was present clinically in nearly 
all cases. This is in striking contrast to the 
group I cases, where no organic heart disease 
appeared to be related to the QRS deformity. 
The QRS loop in group IL might have one or 
the other of two different positions to account 
for the S waves as a result of the left ventricular 
hypertrophy. (1) In a small number of cases, 
the QRS loop had rotated posteriorly, so that 
only a foreshortened projection of the loop was 
recorded in the frontal plane, and the terminal 
vectors pointed posteriorly and slightly right- 
ward producing S waves in the limb leads 
(fig. 3B). Presumably the hypertrophied left 
ventricle lay principally posteriorly in these 
cases. 

The foreshortening of the loop in these cases 
is of particular interest in clinical electrocardiog- 
raphy because it illustrates an important prop- 
erty of spatial electrical forces. When the loop 
is rotated markedly posteriorly, most of the 
instantaneous QRS vectors are relatively per- 
pendicular to the frontal plane. Under these 
circumstances slight differences in the direc- 
tions of successive instantaneous vectors pro- 
duce marked difference in the contours of the 
deflections in the limb leads. Accordingly, in 
‘hese cases, the limb lead QRS complexes are 
not only relatively small, but often also show 
marked slurring, notching, and W- and 
\[-shaped complexes. Such deflection deformi- 
‘ies have in the past been considered abnormal. 
\ctually, however, it can be seen that they may 
n some cases be due simply to posterior rota- 
ion of the loop. 

(2) The second way in which left ventricular 
\ypertrophy produces §,8.8; tracings is by 
causing the QRS loop to be markedly leftward 


in position. Indeed, it may be deviated so far 
to the left that certain of its terminal forces 
are actually directed rightward and superiorly, 
which accounts for the S-waves in these cases 
(fig. 3A). In the sagittal plane, these loops are 
generally relatively flush with the frontal plane, 
showing little of the posterior direction which 
is usually seen in left ventricular hypertrophy. 
This type of loop rotation is interesting be- 
cause the directions of the terminal QRS vec- 
tors do not fit with the generalization that a 
given vector is directed perpendicularly to the 
surface where it is generated. The left ventricle 
would have to be rotated to an impossible 
degree to produce these rightward terminal 
forces. Wilson and his co-workers have offered 
an explanation for this. They point out that 
endocardial conduction via the Purkinje net- 
work is faster—perhaps 10 times faster—than 
transmyocardial conduction. Accordingly, when 
the ventricular wall is thickened, the wave of 
excitation at the endocardium will be consid- 
erably further along than the wave of excita- 
tion at the epicardium. With greater and 
greater increases in wall thickness, the wave 
front from endocardium to epicardium will be- 
come more and more oblique to the surface of 
the ventricle. This would cause the resultant 
vectors generated from a markedly hypertro- 
phied left ventricle to be directed significantly 
more superiorly than the generating epicardial 
surface is facing. 

Two cases were encountered in group II who 
had markedly leftward loops as in figure 3A, 
but who showed no clinical evidence of left 
ventriculan hypertrophy or other heart disease. 
In both instances the QRS-T angle was nearly 
150 degrees and the ventricular gradient normal 
in direction, indicating that a conduction dis- 
turbance was responsible for the QRS abnor- 
mality and that no intrinsic myocardial disease 
was present electrically. Presumably in these 
two normal subjects there was a congenital 
defect in conduction in one of the sub-branches 
of the left bundle branch, for this is the only 
way in which terminal forces with this direc- 
tion can be explained. Such sub-branch block 
has been suggested before,’ but has never 
been proved in the human subject. 

In group III, the 88.8; cases with QRS in- 
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Fig. 3. See text for discussion of these two cases. Frontal, sagittal, and coronal plane projections 
of the QRS loop and the spatial characteristics of the .04, .08, and .12 QRS vectors are shown. The 
QRS complexes in tracing B have been retouched to make them clearer. 


tervals over .14 second, the terminal vector was direction in all 9 cases. In other words, many 
relatively flush with the frontal plane, and of these cases showed the R,S; “pattern” of 
markedly superior and slightly rightward in left bundle branch block in the limb leads, an‘ 
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Fic. 4. See text for discussion of these two cases. Frontal, sagittal, and coronal plane projec- 
tions of the QRS loop and the spatial characteristics of the .04, .08, and .16 QRS vectors are shown. 
Note: In figure 4B, the tracing Vr should have been labelled Vz, and Vz should have been labelled 
Vr. 


bifid R in V,, the “pattern” of right bundle tion cannot satisfactorily explain these trac- 
ranch block in the precordial leads (fig. 4A). ings. However, vector methods offer a rational 
.ecordingly, “‘pattern” methods of interpreta- way to decide which bundle branch is blocked 
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in such cases, because the terminal vector of 
the QRS loop must be generated from the 
blocked ventricle in the given case. Using Wil- 
son’s hypothesis that the vectors are directed 
obliquely to the generating surface in the pres- 
ence of ventricular hypertrophy, it becomes 
evident that these cases are probably instances 
of left bundle branch block with marked left 
ventricular hypertrophy. The clinical picture 
supported this conclusion for in all instances, 
left ventricular hypertrophy was present. 

It is of interest that no clear-cut instances of 
S,8.8;3 due to either right bundle branch block 
or cor pulmonale were encountered in this 
series; however such cases have been reported 
by others." A review of eléctrocardiograms 
characteristic of right bundle branch block and 
cor pulmonale in the past 3000 tracings taken 
in the Grady Memorial Hospital indicated that 
in these syndromes the terminal forces are 
usually directed rightward and relatively hori- 
zontally. That none showed §8,8.8; complexes 
is probably fortuitous, for it is likely that a 
vertically placed heart with right ventricular 
hypertrophy will have terminal forces which, in 
pointing obliquely from the right ventricle, 
will be directed rightward and superiorly and 
write S waves on the three limb leads. 

A single case was encountered in the group 
1V in which the terminal forces may have been 
delayed and rightward in direction because of 
perifocal block of myocardial infarction. The 
subject was a 57 year old man who had a typical 
clinical history and electrocardiographic evolu- 
tion of acute myocardial infarction from which 
he made an uneventful clinical recovery. There 
was no evidence of ventricular hypertrophy. The 
mean spatial T vector, the spatial S-T vector 
and the spatial .04 vector of the QRS loop were 
all abnormal in direction, localizing the infarct 
in the posterosuperior region of the left ven- 


tricle (fig. 4B). Then, the direction of the .14 


vector was plotted to determine where the 
delayed QRS forces responsible for the QRS 
prolongation were generated. It was found that 
it pointed in the direction of the infarct; that is, 
the terminal forces were being generated from 
very nearly the region of the heart where the 
infarct lay. Accordingly, it is likely that the 


abnormal direction of the terminal forces in 
this case was due to perifocal delay in excitation 
of the epicardium overlying the infarct. The 
mechanism which Bayley has suggested fo: 
this focal delay in epicardial excitation is tha: 
with electrical death of the endocardium at the 
site of infarction, the excitation wave must pass 
around this inert area to reach the epicardi:| 
regions. Thus, depolarization of the epicardium 
at this region takes place much later than when 
the excitation can spread directly radially froi 
the subendocardial conduction network. 


SUMMARY 


1. A spatial vector concept of electrocardi- 
ography is presented in which the various lim) 
and precordial leads are treated as different 
perspectives or points of vantage in the meas- 
urement of a single three-dimensional electrical 
field. 

2. Asimple method is described for determin- 
ing the directions and relative magnitudes of 
the various electrical forces of the heart from 
inspection of the conventional leads. The va- 
lidity and advantages of the method are dis- 
cussed. 

3. To illustrate the use of the method, a 
series of 80 5,S.8; tracings are analyzed by the 
spatial vector method. It was found that when 
the QRS interval was .12 second or less, late 
depolarization in the right ventricle, perhaps at 
the crista supraventricularis, was responsible 
for the S waves in the limb leads, and rarely 
was this due to organic heart disease. On the 
other hand, when the QRS interval exceeded 
.12 second, marked left ventricular hyper- 
trophy, with or without left bundle branch 
block, was present in nearly all cases. The 
hypertrophy of the left ventricle appeared to 
be responsible for the unusual direction of the 
terminal QRS vectors in these cases. In the 
present series no clear-cut instances of 8,528; 
tracings due to cor pulmonale or right bundle 
branch block were encountered, although it is 
recognized that such cases might occur when 
the heart is electrically in a vertical position. 

4. A case of possible perifocal block is pre- 
sented in which the 8,8.8; syndrome may have 
been directly due to the disease process. 
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Diet, Serum Cholesterol and Coronary 
Artery Disease 


By Menarp M. Gerttier, M.D., Stantey Marion Garn, Pa.D., 
AND Paut Duprey Wuite, M.D. 


Diet, particularly the ingestion of cholesterol and fats, has been considered as causally related to 
the increasing incidence of coronary heart disease and atherosclerosis. This communication pre- 
sents evidence which is not consonant with this viewpoint. The evidence presented here is based 
upon dietary and serum cholesterol studies of 97 males who had experienced coronary heart dis- 
ease prior to the age of 40 and, for purposes of comparison, 146 healthy, nonhospitalized males. 
The evidence shows clearly that (a) there is virtually no correlation between ingested cholesterol 
and the level of cholesterol in the serum, and (b) there is virtually no difference, on the average, 
in the amount of cholesterol ingested by patients of the coronary disease group and the individ- 
uals of the control group. A discussion of the ‘dietary theory” of atherosclerosis is included in 


this presentation. 


HE PREVALENCE and increasing in- 

cidence of coronary artery disease in 

the United States in the past few decades 
has been attributed partially to the allegedly 
high ingestion of cholesterol in the American 
diet.1:? This contention is based primarily on 
the following series of observations. First, it 
is assumed that the relationship between serum 
cholesterol levels and coronary artery disease 
is a well-established causal relationship. Second, 
it is assumed that the serum cholesterol level 
depends largely on exogenous sources of cho- 
lesterol. Third, it is assumed that the coronary 
artery disease rate is actually higher in Amer- 
icans than in certain other peoples such as 
Chinese* and Okinawans.* 

In addition to these assumptions, certain 
clinical observations and experimental studies 
have been employed to support these tenets. 
The purported increase in incidence of athero- 
sclerosis in diseases such as hypothyroidism,® 
and xanthomatosis,*:7 and diabetes,’ in which 
the serum cholesterol is elevated, is accepted 
as evidence of an inescapable causal relation- 
ship between elevated serum cholesterol and 
atherosclerosis. Furthermore, the production 
of atherosclerosis in herbivorous animals such 
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as rabbits, by feeding cholesterol in large quan- 
tities, and in carnivorous animals such as 
dogs,!° by the combination of a high cholesterol 
diet and thiouracil, is cited as further evidence 
that ingested cholesterol is the béte noire in 
atherosclerosis. Such evidence is suggestive that 
ingested cholesterol may be one factor in the 
production of atherosclerosis, but the evidence 
does not support the contention that ingested 
cholesterol is the only factor. In all the clinical 
or experimental examples named, there are 
additional factors such as hormonal imbalance 
or an increased (out of physiologic limits) sup- 
ply of serum cholesterol from either endogenous 
or exogenous sources. 

The best “support” for the idea that a high- 
cholesterol diet leads to coronary artery disease 
in human beings comes from the statements 
that coronary artery disease is rare in Chinese 
and other Mongoloids such as Okinawans be- 
cause such individuals do not ingest cholesterol 
in great amounts. It is admitted by Public 
Health authorities that the mortality statistics 
in the United States could be improved and 
that individual death rates are not entirely 
accurate because they are based upon classi- 
fied causes of death which are sometimes e- 
roneous." Due to the technical lag, it is reason- 
able to suggest that the hospital records in 
China are not so well kept as they are in the 
United States; furthermore, local, territori:! 
and national death records could not possibly 
be so well kept as in the United States becaus> 
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there is only one doctor to 50,000 Chinese in 
contrast to one doctor to 800 Americans.'® Even 
it the raw death rates were known as well in 
China as they are in the United States, exten- 
sive corrections of the statistical data would 
be required before interpreting them. In a coun- 
try like China, where public health measures 
ave either primitive or nonexistent, infantile 
mortality is higher than in the United States 
aud the mean age of death would not be so 
high as in the American population. Such dis- 
euses as tuberculosis, vitamin deficiencies, mac- 
rocytic anemias, hookworm infestations, in- 
fectious diseases, liver disease, cholera and 
malaria are responsible for many deaths in the 
population at younger age levels.? Thus, such 
findings may be interpreted as indicating that 
the low incidence of atherosclerosis exists in 
China because the death rate is higher in the 
younger age levels and fewer Chinese live to 
the age at which coronary artery disease man- 
ifests itself. These facts may be duplicated in 
the state of Massachusetts. It was found in 
Chinese in Massachusetts, that 52 died of tuber- 
culosis during the year 1947, while only 7.5 
Massachusetts inhabitants were expected to 
die from this disease; similarly in 1947, 33 
Chinese died from diseases of the circulatory 
system while 66.7 were expected to die from 
these diseases. Thus, seven times the expected 
number died from an infectious disease while 
one-half as many died from cardiovascular dis- 
eases as were expected. The difference is sig- 
nificant by the chi square test. Thus, cardio- 
vascular disease is spared the Chinese partially 
because infectious diseases take a higher toll. 
It is only when infectious and deficiency dis- 
eases are conquered that the bulk of any popu- 
lace lives to the age when degenerative diseases 
predominate. Accordingly, even if the corrected 
coronary disease rate were the same in Chinese 
and Americans, the absolute frequency of this 
d.sorder in native Chinese would be far lower. 

Let us also consider the Chinese diet. Is it 

nerally low in ingested cholesterol? Is it gen- 

lly adequate in vitamins and caloric intake? 
) iapper?: * states that “the low caloric, protein, 
©t, mineral and vitamin intakes lead to a gen- 

ily diminished resistance against disease. 
.. The low protein intake favors the develop- 


ment of hypoproteinemia.”’ Naturally, a person 
on such a diet could have a lower serum cho- 
lesterol, for not only is there a paucity of in- 
gested cholesterol, but there is a paucity of 
those amino acids and fatty acids which are 
the precursors of endogenous cholesterol. 

It is. obvious that the relationship between 
diet and serum cholesterol is still a question 
of paramount importance. The question of the 
degree of correlation in man between the 
amount of ingested cholesterol and the level 
of serum cholesterol in two groups, one with 
good health and the other with coronary heart 
disease, is considered in this paper. This study 
deals not only with this degree of correlation 
between the level of serum cholesterol and in- 
gested cholesterol in both groups, but also the 
weekly intake of individuals in both groups. 


METHODS AND MATERIALS 


A total of 229 individuals were studied with re- 
gard to serum cholesterol and dietary cholesterol 
(dietary histories were not obtained in 17 individu- 
als). One hundred thirty-nine of these individuals 
were healthy, active males employed by an eastern 
industrial plant; the occupational and racial back- 
ground of this group has been reported in an earlier 
paper in this series. Ninety individuals (males) were 
obtained from the coronary disease group which 
consisted of individuals who had experienced myo- 
cardial infarction prior to the age of 40. The two 
groups were statistically comparable in mean age, 
as has been shown. 

Dietary information was obtained from all of the 
individuals by the personal questionnaire method, 
stressing not only the obvious cholesterol-containing 
foods, but also those containing cholesterol in minute 
amounts and those containing the amino acid pre- 
cursors of the chdlesterol molecule. The dietary cards 
were computed to a common denominator such as 
weekly intake of the various foodstuffs and the 
amount of cholesterol, myristic acid, uric acid, fat, 
proteins, carbohydrates and amino acids such as 
alanine and leucine were computed from a standard 
table.15 16 

Correlations were made by the usual methods 
between the ingested cholesterol, myristic acid, uric 
acid, ete., and the level of serum cholesterol. Details 
will be published elsewhere. 

The possible discrepancy between the question- 
naire method of study and other methods of de- 
termining dietary composition has been considered. 
Errors in any questionnaire method are bound to be 
present, but there is evidence that, in this dietary 
study, (a) systematic errors (tending to make a 
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correlation lower or higher) were largely absent, and 
(b) the reported intakes were within reasonable 
approximations of actual values. Since the butter, 
egg, and milk content of the diet is one of the richest 
single sources of dietary cholesterol (65 per cent of 
the average dietary cholesterol in this study), and 
since these staples are easily remembered by the 
person interviewed, it is reasonable to suggest that 
correlations which may exist are not obscured by 
this technic. 

Serum cholesterol determinations were made by 
the Chemistry Laboratory of the Massachusetts 
General Hospital as described in earlier papers.” 


RESULTS 


The amount of ingested cholesterol for both 
the control group and the coronary disease 
group was calculated in the manner described 
from the dietary histories. The final values and 
statistical calculations are included in table 1. 


TABLE 1.—Calculated Cholesterol Intake: Grams Per 
Week in the Coronary Disease Group and _ the 
Control Group 


N Range xX S.E. | $.D. | C.V. 
Coronary......| 90*| .6-6.6f) 3.30;4.15) 1.41/42.73 
Controls... 1397 .6-9.4 3.88 +.12) 1.4637.63 


N = Number 
xX = Mean 


‘ 


= Standard Error 


E 
.D. = Standard Deviation 
‘.V. = Coefficient of Variation 
* Three females are not considered and inadequate 
dietary histories were obtained in 7 males. 
t Seven individuals were not available for dietary 
studies. 


¢t Grams per week. 


None in the control group was restricted in any 
way as to dietary intake. However, 9 members 
of the coronary disease group, either on phy- 
sicians’ advice or voluntary limiting, had placed 
themselves on a diet for the purpose of restrict- 
ing fats and cholesterol. 

As shown in table 1, the mean cholesterol 
intake of the coronary group was absolutely 
and significantly lower than the comparable 
intake of the control group (the critical ratio 
of the difference between the means equals 
3.07); the difference is statistically highly sig- 
nificant on the .01 level of probability. How- 
ever, despite a significantly lower cholesterol 
intake, the serum cholesterol level in the cor- 


onary disease group was significantly higher, 
In percentages, the coronary group ingested 12 
per cent less cholesterol, yet their serum lipids 
contained approximately 16 per cent more cho - 
lesterol. 

A diet containing a caloric excess may adil 
weight to the individual in the form of fatty 
tissue. While such a diet may contain move 
cholesterol than the normal diet, it is unlikely 
because the excess calories usually are the r- 
sult of excess carbohydrate intake which, to 
all intents and purposes, does not contain chu - 
lesterol. The coronary disease group ingested 
52 Gm. of protein and 66 Gm. of fat per day 
in contrast to the control group, which ingested 
61 Gm. of protein and 90 Gm. of fat per day, 
Carbohydrates were not assayed. Since the 
control group weighed 7 pounds more on the 
average than the coronary disease group, one 
wonders whether the total caloric intake was 
excessive in the coronary disease group as com- 
pared with the control group. Accordingly, rea- 
sons other than dietary alone must be con- 
sidered to explain the higher levels of serum 
cholesterol in the coronary disease group, de- 
spite the smaller amount of ingested cholesterol. 

It was of importance not only to determine 
the amount of ingested cholesterol in each 
group, but also to determine for both groups 
the relationship between the amount of. in- 
gested cholesterol and the amount of cholesterol 
inthe serum. This was accomplished by deter- 
mining the coefficients of correlation between 
exogenous cholesterol and serum cholesterol. 
A coefficient of correlation of + 0.5 is considered 
moderate, +0.2 is considered low and correl:- 
tions below + 0.1 are usually not significant. 
The values of the coefficient of correlation are 
summarized in table 2. 

In neither group is it possible to detect any 
significant correlation between the two vari- 
ables; therefore, ingested cholesterol and seruin 
cholesterol do not seem to be related. One 
question has been raised concerning the mean- 
ing of the insignificant but interesting negative 
correlation between cholesterol and serum cho- 
lesterol in the coronary artery disease grou). 
This may be partially attributable to the fact 
that the diets which had been limited were 1 
those individuals whose serum cholesterol w: s 
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highest. Accordingly, those patients who had 
h gher levels of cholesterol in the serum were 
e: ting less cholesterol because of their doctors’ 
advice; but it is clear that the advice did not 
aifect the final level of the serum cholesterol. 


CONTROL GROUP 


(D\(Serum Chol )* -2 44 (ingested Chol ) + 233.9 
2\Mingested Cho! )* - 00303 (Serum Cho! )+ 456 


© ee of 

° e \.e, e 

Peteeel*o 

e@ eeeepete 
@ eoee8 

ee org 8 
e © M7) e~ 


SERUM CHOLESTEROL im Mgs /per 100cc 


INGESTED CHOLESTEROL GRAMS PER WEEK 


nor can high serum cholesterol levels be at- 
tributed in diets replete with cholesterol. 

In the individuals with lowest serum cho- 
lesterol, there is a significantly higher value of 
serum cholesterol in the coronary disease group 


CORONARY DISEASE GROUP 


1 Serum Chol )+ 2 2! (ingested Chol) + 279 
2) (ingested Chol )* 00113 (Serum Chol ) + 3.3! 
° 


SERUM CHOLESTEROL in Mgs /per 100cc 


4 5 6 7 
INGESTED CHOLESTEROL . GRAMS PER WEEK 


Fic. 1. Seattergrams with regression lines showing the insignificant correlation between ingested 
cholesterol and the level of serum cholesterol in both the coronary disease group and the control 


group. 


It is important to know whether the product 
moment correlation as used might mask im- 
portant associations at the ends of the scatter- 
gram. Accordingly, those individuals with low 
cholesterol levels (below the mean for normal 
people) and those with conspicuously high cho- 
lesterol levels in both groups have been re- 
moved and their dietary intake studied sepa- 
rately. As shown in the tables 3-6, there is no 
si itistically significant difference between the 
ainount of ingested cholesterol in each group 
f° individuals with low or with high serum 
c] olesterol. In other words, selecting on the 
b. sis of serum cholesterol, no difference in in- 
gi sted cholesterol was found. It is clear, then 
that low serum cholesterols cannot be attrib- 
uted to diet scarce in cholesterol in either group; 


TABLE 2.—Values of Coefficients of Correlation be- 
tween Ingested Cholesterol and Serum Cholesterol in 
the Coronary Disease Group and the Control Group. 


| . Bas 3 
| Coefficient of| Standard | Signifi- 
| Correlation | error cance ' 


Control Group 
Coronary Disease Group| 


| +0.11 | none 
+0.08 none 


(critical ratio of the difference between the 
means equals 6.55), but there is no significant 
difference (critical ratio of the difference be- 
tween the means equals 0.93) in the amount 
of ingested or exogenous cholesterol between 
the two groups. 

While the serum cholesterol in the coronary 
disease group is significantly higher (critical 
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TaBLE 3.—Ingested Cholesterol of 10 Individuals in 
Each Group with the Lowest Serum Cholesterol 


Coronary Disease Group | Control Group 


Ingested Serum : ted 
Serum Cholesterol Chained Cholesterol | Cholesterol 





167* ‘ 
171 
194 
194 
200 
202 


Of 149 5.3 
‘ | 151 3.9 
155 4.8 
156 
160 
167 
167 
167 
168 
168 


~~ 


wwe set 


208 
208 





me OR Oro & Ort bo 


DOOR 


N 10 10 

R 167-208 149-168 
x 196.0 160.8 
S.E. ; mi 
S.D. 15.28 | ape 1.08 
CV. 7.79 4.68 | 28.12 





* Mg. per cent. 

¢ Grams per week. 

The critical ratio of the difference between the 
amount of ingested cholesterol equals 0.93. 


TaBLe 4.—Ingested Cholesterol of 10 Individuals in 
Each Group with the Highest Serum Cholesterol 





Coronary Disease Group Control Group 





Ingested Serum ngested 
Cholesterol | Cholesterol | Cholesterol 


Serum Cholesterol 


376* 
379 
382 
388 
390 
400 
410 


.3t 297 5.7 
298 2.2 
301 4.6 
302 | 2.6 
312 | 2.4 
315 3.0 
320 | 1.7 
480 325 2.5 
490 | 331 | 3.6 
490 332 4.1 


iT ee Cee 


w 
o 





10 | 10 | 10 | 

376-490 297-332 | 1.7-5.7 

415.9 | 4.1: 313.3 | 3.24 
16.46 ; | 4.26 | .39 


52.2 : | 13.45 | 1.24 
12.50 | 4.99 | 38.27 


* Mg. per cent. 

{ Grams per week. 

t The dietary interview in two patients was un- 
satisfactory. 


ratio of the difference between the means equals 
6.031), there is no significant demonstrable 
difference (critical ratio of the difference be- 
tween the means equals 1.23) in the amount 
of ingested or exogenous cholesterol in the in- 
dividuals with highest serum cholesterol. 

In spite of statistically higher ingestion cf 
cholesterol (the critical ratio of the differenc: 
between the means of ingested cholesterc| 
equals 3.85) the serum cholesterol in the con- 


TaBLeE 5.—Serum Cholesterol of 10 Individuals i 
Each Group with the Highest Ingested Cholesterol 


Coronary Disease Group Control Group 


Serum Ingested Serum 
Cholesterol | Cholesterol Cholestero/ 


Ingested Cholesterol 


to 
* 


209 
188 


217+ 6.1 

224 6.1 

202 6.3 200 
284 6 185 
255 3.8 183 
250 3.6 208 
382 176 
350 1 243 
388 255 
325 9. 284 


> > Sr Sr Sr Sr Gr Sr or 
i <3 or im i WD 09 


oo 





_ 
So 


10 10 
.2-6.2 202-388 | 6.1-9.4 | 176-284 
.67 287.7 6.98 213.1 
15 21:01 | si | 11.36 
47 69.23 | .97 35.89 
8.29 24.06 | 13.90 16.84 


rn ou 


| OPRKAS 
<0 
o 


* Grams per week. 
+ Mg. per cent. 


trol group is significantly lower (the critical 
ratio between the values of serum cholesterol 
equals 3.02) than the serum cholesterol in the 
coronary group, as shown in table 5. 

The cholesterol ingestion remained virtually 
the same for both groups, (the critical ratio of 
the difference between the means of ingested 
cholesterol equals 0.19) but the serum cho- 
lesterol was significantly higher (the critical 
ratio of the difference between the means of 
serum cholesterol equals 2.33) in the group with 
coronary artery disease, as shown in table 6. 

Thus, (a) by use of the product moment cor- 
relation and (b) by combining the ten maxi 
mum and ten minimum independent variable: 
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o! serum cholesterol and ingested cholesterol 
ir both groups and comparing the values, it is 
apparent that the exogenous cholesterol in the 
ainounts observed in this study does not in- 
fluence the level of serum cholesterol in either 
the control group or the coronary artery dis- 
ease group. 


TiBLE 6.—Serum Cholesterol of 10 Individuals in 


Each Group with the Lowest Ingested Cholesterol 
Coronary Disease Group Control Group 


| | Serum Ingested | Serum 


Ingested Cholesterol | Cholesterol | Cholesterol | Cholesterol 


* 


| 252t | 

| 316 
208 | 
284 
286 
287 
347 
290 
218 
225 


227 
198 
219 
175 
280 
167 
189 
320 
191 
255 


ee i 
ADoOMNMRWWOD 
mhkph fk et 

CONDRRWNHHOD 


10 10 
.6-1.6 208-347 .6-1.8 | 157-320 
1.34 271.3 1.37 222.1 
S.E. .10 14.18 13 15.63 
8.D..° 32 44.80 | .40 49.38 
Cx. 23.88 16.51 | 29.20 22.23 


* Grams per week. 
t Mg. per cent. 


— 
Oo 


DISCUSSION 


The coefficients of correlation in this study 
between ingested cholesterol and serum cho- 
lesterol for the coronary disease group and the 
control group are —0.09+.08 and +0.05+.11 
respectively. These values suggest a startling 
independence of ingested cholesterol and serum 
cholesterol in the two groups studied. The pres- 
et study does not preclude the remote possi- 
bility that a significant association may exist 
in some individuals, but indicates clearly that 
it is not prevalent on a group basis of either 
n rmal individuals or individuals with coronary 
a tery disease. In previous papers in this series 
aid in other citations from the literature, it 
is evident that the level of cholesterol in the 
serum is influenced by age,’* morphology,'® idio- 
syneratic or genetic,?° hormonal*!.” and lastly 


perhaps, dietary factors. The dietary factor 
contributes very little to the level of cholesterol 
in the serum if the daily ingestion of cholesterol 
is within the normal range of the individual. 
The difference in the levels of cholesterol in the 
sera of both groups cannot be attributed to 
age differences for the average age of both 
groups is only two years different. The dif- 
ference in morphologic makeup of the two 
groups accounts for only part of the difference 
in the level of serum cholesterol. The coronary 
disease group is predominantly mesomorphic 
at the expense of ectomorphy.!* However, the 
mean serum cholesterol for the matched con- 
trol group was 17 mg. per cent greater than 
that of the control group, but 45 mg. per cent 
less than the mean serum cholesterol of the 
coronary disease group. The importance of this 
difference is emphasized when it is recalled 
that the matched control group is of the same 
ethnic origin and body build as the coronary 
disease group. 

The most important hormone influencing 
serum cholesterol appears to be thyroid. The 
presence of hypothyroidism and hyperthyroid- 
ism produces hypocholesterolemia or hyper- 
cholesterolemia respectively. While the basal 
metabolic rate is on the average, minus 13 in 
the coronary artery group, studies with radio- 
active iodine did not reveal any degree of hy- 
pothyroidism.”* Thus, to all intents and pur- 
poses, the elevation of the serum cholesterol 
in the coronary group is not due to a depressed 
thyroid function. Furthermore, the degree of 
hypercholesterolemia and the value of the cho- 
lesterol: lecithin ratio do not favor this etiology. 

If dietary, age, morphologic and hormonal 
factors are ruled out, how then is it possible to 
account for the elevated serum cholesterol in 
coronary artery disease? Individuals with cor- 
onary artery disease do not appear predom- 
inantly in families with hypercholesterolemia 
in spite of the fact that their serum cholesterol 
is elevated. Familial coronary artery disease 
and familial hypercholesterolemia may co-exist 
but there is no evidence to demonstrate a causal 
relationship. Thus, the only remaining explana- 
tion for the elevation of serum cholesterol in 
the coronary artery disease group appears to 
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be the endogenous one, assuming that utiliza- 
tion remains constant. 

Studies which employed isotope and deute- 
rium labelled substances, such as alanine, 
leucine, sodium acetate and myristic acid, in- 
dicate that these substances are incorporated 
into the steroid nucleus of cholesterol.**:* 
About 45 per cent of the carbon atoms in cho- 
lesterol come from the acetate radical.** In mice 
there is a positive cholesterol balance even when 
the animals are on a virtually noncholesterol 
diet, indicating that cholesterol is being syn- 
thesized within the organism.” Furthermore, 
if cholesterol were derived only from the exog- 
enous or the ingested form, then how could we 
explain its existance in the most diverse phyla 
of the vertebrates and in most invertebrates 
except sponges and mollusks*s? Considering all 
these factors, one is lead to conclude as have 
others, that cholesterol is synthesized by endog- 
enous means in the herbivora and obtained 
by endogenous means and (when available) 
exogenous means in the carnivora. The final 
level of serum cholesterol is the result of the 
interdependency of utilization, synthesis and 
availability of the substance for metabolic 
needs.”° 

Thus far, it has been shown that the level 
of serum cholesterol is independent of dietary 
cholesterol within normal limits of ingestion 
and that the serum cholesterol is mainly de- 
pendent upon the balance between synthesis 
and utilization. Accordingly, if dietary cho- 
lesterol contributes little if anything to the 
value of serum cholesterol, of what value is a 
diet restricting cholesterol in the treatment of 
coronary artery disease, especially those cases 
of coronary artery disease in which the value 
of serum cholesterol is below that of the mean 
value of serum cholesterol in the normal group? 

In experiments conducted in this laboratory, 
no remarkable or significant variation was 
found in the serum cholesterol following the 
ingestion of eight eggs in the form of scrambled 
eggs, two 8 oz. glasses of milk and one oz. of 
cream with one oz. of butter; (cholesterol in- 
take equals 5.0 Gm.). These results are con- 
firmed by Steiner who fed 10 Gm. of cholesterol 
crystal to a human subject without any signi- 
ficant rise in the level of serum cholesterol.*° 


Similar results were observed by other au- 
thors.*': ® Steiner®® and Okey*! have purpose- 
fully fed individuals diets which were inor- 
dinately high in cholesterol as compared wit! 
the normal diet. Doubtless the serum cho- 
lesterol would be elevated temporarily if such 
high amounts of cholesterol (5 Gm. daily) were 
fed over prolonged periods of time. But, does 
this prove that the incidence of atheroscleros's 
or coronary artery disease was higher in these 
patients or that an average ingestion of cho- 
lesterol over prolonged periods will augmen| 
the level of serum cholesterol? Finally, does 
this prove that elevated serum cholesterol is 
causally related to atherosclerosis? The inges- 
tion of abnormally high amounts of cholesterol 
occurs infrequently in human diets and the 
facts as presented are acceptable and appli- 
cable only to those individuals who live on diets 
replete with eggs, milk, calves’ brains and oys- 
ters! Furthermore, there is evidence that in- 
dicates that such individuals may have a low 
level of serum cholesterol. 

It cannot be denied that the level of serum 
cholesterol decreases on a low cholesterol diet. 
However, in the study of 6 individuals who were 
followed for at least 9 to 18 months on a low- 
cholesterol diet, the serum cholesterol dropped 
25 to 30 per cent within a period of three weeks 
and remained at that level for approximately 
two months. Following this stationary level, 
the serum cholesterol began to rise slowly and 
within six to nine months reached its predietary 
level. This is probably explained by the gradual 
replacement of the dietary cholesterol by the 
endogenous synthetic cholesterol mechanisms 
which lay dormant during the normal period 
of cholesterol ingestion, because there was no 
need for this mechanism to function. 

The purported low incidence of coronary 
artery disease or atherosclerosis in Okinawans 
is held to be causally related to their diets which 
are supposed to contain little or no cholesterol. 
Assuming that the Okinawan diet is deficient 
in cholesterol, (the diet cited was a wartime 
diet) there is considerable evidence to indicate 
that it is replete with proteins and carbohy- 
drates.** There is also evidence to show tha‘ 
humans on a high protein diet maintain al 
elevated level of serum cholesterol which dis- 
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appears when the diet is returned to normal. 
Is is not possible, (no actual values are given) 
therefore, that the level of serum cholesterol 
in Okinawans would not be lower than in 
Americans? Furthermore, there is no evidence 
which indicates that (a) the dietary cholesterol 
is deposited in the atherosclerotic plaque and 
(b) the level of serum cholesterol is causally 
related to atherosclerosis. Finally, is athero- 
sclerosis necessarily coronary artery athero- 
sclerosis? 

The statement that there is a low incidence 
of atherosclerosis in Okinawa is open to con- 
siderable question and interpretation. In re- 
viewing Steiner’s material on autopsies per- 
formed on 150 Okinawans'‘ (51 males and 99 
females) from 1 year to 100 years of age, it was 
evident that 7 (6 over 66 and one 91 years of 
age) individuals had visible aortic atherosclero- 
sis. Thus, 6 males out of 51 examined, or 12 
per cent, showed atherosclerosis. Does this in- 
cidence of atherosclerosis differ from autopsy 
material in any American hospital on males of 
a similar age group? The reports from Okina- 
wan physicians state that (1) infectious diseases 
such as tuberculosis and pneumonia take a 
high death toll among these peoples and (2) 
that degenerative cardiovascular disease is rare. 
These two statements cannot be taken as sep- 
arate facts, for, as has been shown with the 
discussion on the Chinese, where there is an 
increased loss from infectious diseases at an 
early age, there is bound to be a paucity of 
degenerative diseases in the older decades. 

A defense of the dietary causation of athero- 
sclerosis is maintained by those who quote the 
evidence that (a) atherosclerosis was low in 
Germany immediately following World War I** 
(b) atherosclerosis is more common in obese, 
overnourished persons than in lean and under- 
nourished** and (c) lower incidence in chronic 
alcoholics than in nonaleoholics.” The common 
denominator in all these three factors appears 
to be a low fat intake due either to restriction 
or expediency. Moreton* has claimed that fol- 
loving a fatty meal there exists a state of hy- 
perchylomicronemia and the larger particles 
are absorbed by the intima and built up into 
an atherosclerotic plaque. There are several 
objections to this theory which are summarized 


best by Leary.*® It should be stressed at this 
point that a high fat diet is not synonymous 
with a high cholesterol diet and the two terms 
should not be used loosely or be confused. 

From the evidence submitted it is believed 
that not only is a low cholesterol diet of ques- 
tionable value in the treatment of coronary 
artery disease, but there is complete independ- 
ency of the level of serum cholesterol and the 
amount of cholesterol ingested within the nor- 
mal dietary variations. 


SUMMARY AND CONCLUSIONS 


1. Dietary histories with emphasis on cho- 
lesterol and purines were obtained from 139 
healthy males and 90 males who had exper- 
ienced myocardial infarction prior to the age 
of 40 years. 

2. The average amount of cholesterol in- 
gested per week in the healthy and in the cor- 
onary disease group was 3.88+1.46 Gm. and 
3.30+1.41 Gm. respectively. 

3. The coefficients of correlation between 
serum cholesterol and ingested cholesterol were 
+0.05+.11 and —0.09+.08 for the control 
group and coronary disease group respectively. 
This indicates that for the two groups in ques- 
tion and the amounts of cholesterol in consid- 
eration, there is no definite relation between 
the amount of cholesterol ingested and the 
level of cholesterol in the serum. 

4. The question is raised as to the wisdom 
of removing cholesterol from the diet of in- 
dividuals with coronary artery disease. From 
the evidence gathered from this study and other 
dietary studies in this laboratory, it is believed 
that there is no advantage to be gained from 
imposing a low cholesterol diet on patients with’ 
coronary artery disease. 
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Production of Experimental Cholesterol-In- 
dJuced Atherosclerosis in Chicks with Minimal 
Hypercholesterolemia and Organ Lipidosis 


By J. Stamuer, M.D. anno L. N. Katz, M.D. 


with the technical assistance of C. Bolene 


Feeding chicks a mash enriched with 0.25 per cent cholesterol plus 5 per cent cottonseed oil in- 
duces a minimal sustained hypercholesterolemia. After 35 weeks of this regimen, birds exhibited 
a high incidence of gross cholesterol-induced atherosclerosis, particularly prominent in the tho- 
racic aorta. The presence of atherosclerosis in these chicks with minimal diet-induced hyper- 
cholesterolemia lends further experimental support to the concept of the relationship of cholesterol 
in general, and exogenous cholesterol in particular, to the pathogenesis of human atherosclerosis. 


HRONIC cholesterol feeding leads to 
the development of atherosclerosis in the 
chick.':? In all our previous studies, 
marked hypercholesterolemia and organ lipido- 
sis were consistent concomitants of this choles- 
terol-induced atheromatosis.!-? Human athero- 
sclerosis frequently occurs in people with 
presumably normal plasma and tissue choles- 
terol levels. Ostensibly cholesterol metabolism 
is not deranged in such persons. Consequently 
many investigators have suggested that athero- 
sclerosis in man differs fundamentally in path- 
ogenesis and etiology from the cholesterol- 
induced lesion in experimental animals.’: ° 
The present study was undertaken to explore 
this problem further. Its purpose was to de- 
termine whether cholesterol-induced athero- 
sclerosis could be produced in the chick with 
minimal concomitant hypercholesterolemia 
and organ lipidosis. In the course of this inves- 
tigation, data were also obtained on the rela- 
tionship in individual birds between plasma 
lipil levels (cholesterol and phospholipid) and 
atherogenesis (spontaneous and_cholesterol- 
induced). 


!rom the Cardiovascular Department, Medical 
Res arch Institute, Michael Reese Hospital, Chi- 
cag, Ill. The department is supported in part by 
the Michael Reese Research Foundation. 

Aided by the Life Insurance Medical Research 
Fund, by the National Heart Institute (grant H626) 
and by the Chicago Heart Association. 


METHODS 


Two separate series of experiments were com- 
pleted. In both, 1 day old Hy-Line cockerels were 
obtained from a certified hatchery and reared in a 
battery brooder. They were fed a commercial chick 
starter mash of known composition.!° At 5 weeks of 
age they were divided into two groups (table 1). 
The control group (group I) continued to receive 
chick starter mash. In the first series, the experi- 
mental group (group IT) was fed the following ration 
for the first 6 weeks: cholesterol, 0.25 per cent, 
cottonseed oil, 20 per cent, mash, 79.75 per cent. 
On this diet chicks exhibited markedly decreased 
food intake and growth rate, compared with the 
controls.!-5 Four birds died. Therefore, the following 
ration was instituted during the seventh week and 
continued for the duration of the experiment: chol- 
esterol, 0.25 per cent, cottonseed oil, 5 per cent, 
mash 94.75 per cent. Food intake quickly returned 
to normal on this ration. Accelerated growth and 
development ensued, so that in a few weeks these 
birds were equal*in weight to the controls. This 
latter experimental diet of 0.25 per cent cholesterol _ 
plus 5 per cent cottonseed oil plus 94.75 per cent 
plain mash was used from the beginning of the 
experimental period in the second experimental 
series. On this diet the chicks exhibited normal feed 
intake, growth and development throughout the 
experiment. 

Chicks were bled periodically from the alar vein. 
In the first series, pooled aliquots of plasma were 
analyzed for the various lipid fractions by the 
methods of Schoenheimer and Sperry" and Man 
and associates! 3; after 15, 25 and 35 weeks of 
experimental feeding, birds from each group were 
sacrificed by decapitation and exsanguination. In 
the second series, plasmas of individual birds were 
analyzed separately for lipids; chicks were sacrificed 
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after 35 weeks of experimental feeding. At autopsy 
all the viscera were examined and the gross findings 
recorded. The hearts and great vessels were carefully 
inspected for evidence of gross atheromatous 
plaques. Lesions, if any, were recorded graphically 
on special forms and graded grossly 0 to 4 according 
to criteria previously described.‘ Precautions were 
taken to insure that the examiners were unaware of 
the group to which given birds belonged. Blocks of 
tissue were taken for microscopic examination and 
fixed in 10 per cent aqueous formalin. Frozen sections 
were stained with sudan IV for lipids. Paraffin 


TaB.e 1.—Gross Grading of Aortic Lesions, 


Series 1 & 2 


Group I—Control Group II—Experimental 


Grading Grading 
Weeks Bird Weeks 
on ; - No on 
Diet a Diet 


Abd.t 


24 151 | 25 

25 35 | 25 

25 671 25 

25 593.35 

470 | 35 

- : 386 35 

- 652-35 

692 35 655 35 

159 35 665 35 

585 35 662 35 

742 35 664 35 

699 35 654 35 

555 35 659 35 

492 35 24 660 35 

493 35 666 35 
491 35 
496 35 


ed 


— eae 
ee 


So 
tom 


le 


— ple 
—— 


bo 
ri bole 


Nie DO 


* Thor. is thoracie aorta. 
+ Abd. is abdominal aorta. 


sections were stained with hematoxylin-eosin. Lipid 
fractionations of the tissues of series | birds sacrificed 
at 15 and 25 weeks were also done according to the 
procedures previously described.'° Aortas and ad- 
renals were analyzed whole, to insure adequate 
sampling. Hence these organs could not be examined 
microscopically. Analyses of livers were done on 
series 2 birds sacrificed after 35 weeks of experi- 
mental feeding. Livers of individual birds were 
extracted and analyzed. In most cases, representa- 
tive tissue samples from 2 or 3 birds were pooled for 
analysis. Except for these liver analyses, biochemical 
studies were not done on the chicks sacrificed after 
35 weeks on diet. Aortas and other tissues of these 
birds were preserved for microscopic study. 


RESULTS 

1. Pathologic findings. After 15 weeks on diet 
no birds in either the experimental or contro! 
group of series 1 had gross atheroma. Afte 
25 weeks, 2 of 3 chicks in the cholesterol-fe« 
group had lesions of the abdominal aorta, whil 
only 2 of 5 controls were affected (table 1 
After 35 weeks of experimental feeding, th: 
gross morphologic findings were essentiallh 
similar in series | and 2. They are therefor 
presented together, in detail, in table 1 and 
summarized in table 2. Feeding a mash con 
taining 0.25 per cent cholesterol plus 5 pe: 
cent cottonseed oil for 35 weeks resulted in « 
high incidence of moderately severe gross 
atherosclerosis of the thoracic aorta. The gros: 
and microscopic morphology of these lesions 
was typical of cholesterol-induced atheroscle 
rosis.'-° Forty-two per cent of the birds sub- 
sisting on this experimental diet had_ gross 
lesions in the thoracie aorta; 33 per cent ot 
them had lesions grade | or greater in severity. 
This is in significant contrast to the complete 
absence of atherosclerosis of the thoracic aorta 
in all 12 birds of the control (plain mash-fed) 
group (tables 1 and 2). In addition, while 
both experimental and control groups had a 
similar incidence of gross atherosclerosis of the 
abdominal aorta, these lesions were signifi- 
‘antly greater in extent and severity in the 
group II (experimental) chicks. In most cases 
these abdominal lesions in the experimental 
birds resembled closely the ‘‘spontaneous’’ le- 
sions occurring in the control chicks. Charac- 
teristically these lesions were longitudinal 
plaques, hard in consistency, ridgelike in con- 
tour, white or yellow in color and smooth 
surfaced. Microscopically these lesions were es- 
sentially similar in the two groups of chicks, 
and conformed to the description of spontane- 
ous arteriosclerosis in chicks previously re- 
ported from this laboratory.'-> No consistent 
differences were noted between experimental 
and control groups in the amount and charac- 
ter of lipid material observed microscopically 
in the depths of the fibrocellular abdominal 
plaques. 

Microscopic examination of the other orgaiis 
revealed slight to moderate fatty infiltration 
of the liver in most of the cholesterol-fed biri!s 
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s crificed at 25 and 35 weeks. This was noted 
giossly (as well as biochemically), and con- 
firmed microscopically with sudan IV staining. 
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series 2, plasmas from 4 chicks were pooled; 
’ 
2 such sets of pooled plasmas were analyzed, 


and the results averaged to obtain the tabu- 


TABLE 2.—Summary of Gross Grading of Aortic Lesions of Chicks in Series 1 & 2 after 35 Weeks 
on Experimental Diet 


No. of Birds 


Thoracic Aorta 

Group I (Control). . . ieee teas 

Group IL (Experimental) ............. 
Abdominal Aorta 

Grae EMORY oa we ph snes Sew arse oe 

Group II (Experimental). ................. 12 
Whole Aorta 

Group I (Control) 

Group IT (Experimental) . . 


Average 
grading of 
Aorta with 

Lesions 


No. with % with 
grading 1 grading 1 
or > or > 


No. with 


% with 
Lesions 


Lesions 


50 : 30 
83 : 67 


TasLE 3.—Serial Plasma Lipid Concentrations in Control (Group I) and Experimental (Group II) Chicks of 


Phospho- 
lipid 
Fatty 
Acidt 


Weeks 
Group on 
Diet 


Phospho- 
| Lipid* 


Total 
Chol. 


Free 


Lipid P. Chol. 


mg. % mg. © 


mg. % mg. % 
76 196 131 101 

41 270 181 186 

.25 188 128 99 

219 148 247 

171 115 69 

171 115 150 

160 108 $0 

200 134 151 

15 .O8 184 124 70 

I] 3.8 229 184 166 
25 = 78 

II 25 169 
I 30 222 148 142 
II 30 218 146 131 
135 90 S4 


I 35 
I] 35 i; 161 108 153 


mg. % 


143 06 


Lipid P X 26. 
Phospholipid X_ .67. 
Chol. is cholesterol. 
) Ratio of plasma total cholesterol to plasma lipid 
phosphorus. 
Ksterified Chol. X .73. 


Tiere were no other pathologic findings in 
either group. 

'. Biochemical findings. The data on plasma 
lip.ds are presented in tables 3 and 4. In series 
1, and in the first and fifth wéek bleeding of 


Series 1 


Ratio 

Total 

Chol.: 
Lipid P§ 


Ratio 
Free: 
Total 
Chol. 


Ester- 
ified 
Chol. 


E 

fied Total 
Chol. Fatty 
Fatty Acid 
Acid 


mg. % mg. % 
60 41 oe 45 
109 42 18.6 80 
62 .38 13.$ 46 
160 .36 29. 64 
37 46 10.6 24 
82 46 22.5 60 
59 .34 14. 43 
97 30 18.é 72 
37 -47 10.0 28 
112 .o2 18.6 83 
54 .3l ars 39 
121 31 30. 88 
99 ol 16.8 72 
87 34 15. 63 
57 .33 15.: 42 
102 .33 16.8 75 


* Neutral Fat Fatty Acid = 
(phospholipid fatty acid + 
fatty acid). 

** Total Lipid = phospholipid + total cholesterol 
+ esterified chol. fatty acid + neutral fat fatty acid. 


total fatty acid — 
esterified cholesterol 


lated value (table 3). With the tenth week 
bleeding and thereafter in the second series, 
at least 6 plasmas of individual birds were 
analyzed separately and the arithmetic mean 
‘alculated (table 4). Data on plasma lipid 
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values in control (plain mash fed) chicks agree 
closely with the results previously reported 
from this and other laboratories’: In 
neither series was there any evidence that chick 
plasma lipid levels exhibit any consistent pat- 
tern of change with age. Repeated analyses of 
plasma total cholesterol levels on the same 
control chick revealed a considerable fluctua- 
tion, without any apparent pattern to the 
changes. Thus at 10, 15, 20, 30 and 35 weeks, 
chick No. 555 had plasma total cholesterol 
values of 106, 63, 130, 230 and 90 mg. per 
hundred ce. respectively (mean: 124); chick 
No. 492 had values of 77, 95, 212, 103 and 


TaBLE 4.—Mean Plasma Total Cholesterol and Lipid 
Phosphorus Concentrations of Series 2 Chicks 





Group I—Control | Group II—Experimental 





Weeks 


Total | eos | Total ss 
LipidP | Cholesterol Lipid P 





Cholesterol | 


mg. % mg. mg. % mg. % 
129 y 116 6.60 
98 d | 174 7.95 
124 ‘ 135 7.40 
(77-155) * (78-172) 

75 | 9.50 198 8.30 
(63-95) |(7.40-11.8)| (128-250) | (6.00-9.40) 
127 8.50 130 8.30 
(63-212) | (5.90-13.6) | (105-161 )| (7 .00-9.70) 
| 185 | — — | -- 

| (103-230) 
35 68 216 
(45-90) | (130-395) 


* Range. 


45 mg. per cent respectively (mean: 106). Over 
the 35 weeks of the experiment, the mean 
plasma total cholesterol level of all birds fed 
plain mash (group I) was 99 mg. per cent; the 
range of the means for all the bleedings was 
68 to 142 mg. per cent; the range for individual 
chick plasma total cholesterol levels was 45 to 
230 mg. per cent. The overall mean plasma 
lipid phosphorus level of these control chicks 
was 7.54 mg. per cent; the range of the means 
for all the bleedings was 5.38 to 9.50 mg. per 
cent. Determination of individual chick plasma 
lipid phosphorus levels in series 2 chicks during 
the fifteenth and twentieth experimental weeks 
yielded a range of 5.90 to 13.6 mg. per hun- 
dred cc. No consistent pattern of change in 


plasma lipid phosphorus concentration with 
age was noted. These data yield a mean value 
for the ratio total cholesterol: lipid phosphorus; 
equal to 13.1. 

Feeding 0.25 per cent cholesterol mash re- 
sulted in a slight consistent increase in plasm. 
total cholesterol levels (minimal hyperchole: - 
terolemia, tables 3 and 4). The overall mean 
plasma cholesterol concentration rose from 9) 
to 166 mg. per hundred ce., the range of th: 
means being 116 to 247 mg. per cent (contro!: 
68 to 142 mg. per cent). Plasma cholester | 
values for individual experimental chicks of 
series 2 ranged from 78 to 395 mg. per cent 
(control: 45 to 230 mg. per cent). All of these 
changes in plasma cholesterol concentration, 
although slight, are significant. 

The over-all mean plasma lipid phosphorus 
concentration of these cholesterol-fed chicks 
rose slightly from 7.54 to 7.76 mg. per hundred 
cc., the range of the means being 5.67 to 10.4 
mg. per cent (control: 5.38 to 9.50 mg. per 
cent). Analyses of individual plasmas yielded 
values for lipid phosphorus in the range 6.00 
to 9.70 mg. per cent (control: 5.90 to 13.6). 
None of these changes in plasma lipid phos- 
phorus concentration in chicks fed 0.25 per 
cent cholesterol mash is significant. Since 
plasma total cholesterol concentration rose, 
while lipid phosphorus remained essentially un- 
changed, the ratio total cholesterol: lipid phos- 
phorus rose significantly with cholesterol 
feeding from a control mean of 13.1 to 21.4 in 
the chicks fed 0.25 per cent cholesterol. At no 
time was there any significant alteration in the 
ratio of free to total cholesterol in the plasma 
of the group II (experimental) chicks (table 
3). Plasma total fatty acids were elevated in 
the chicks fed 0.25 per cent cholesterol plus 
cottonseed oil. This elevation involved neutral 
fat fatty acid, as well as fatty acid bound in 
esterified cholesterol molecules (table 3). Calcu- 
lated total lipid was also increased in the cho- 
lesterol-fed birds. 

The data on tissue lipids are presented in 
table 5. Among the several normal tissues aa- 
lyzed, all but the adrenal exhibited a low con- 
centration of cholesterol esters. In the normal 
adrenal, approximately 50 per cent of the to‘al 
cholesterol was esterified. In the other orgais, 
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‘neluding the liver, 10 per cent or less of the 
otal cholesterol was esterified. Feeding 0.25 
yer cent cholesterol plus cottonseed oil for 15 
veeks had little or no apparent effect on the 
ipids of the adrenal, heart, or carcass. In the 
‘ung, gut and kidney, a moderate increase (20 
‘o 50 per cent) was noted in total cholesterol, 
esterified cholesterol, and phospholipids. There 
‘vere no consistent changes in the ratio total 
cholesterol: lipid phosphorus. Total fatty acids, 


siderably less than for cholesterol. Conse- 
quently, the ratio, total cholesterol: lipid 
phosphorus for liver was significantly increased. 
At both 15 and 25 weeks, hepatic total fatty 
acids were moderately decreased, and calcu- 
lated neutral fat fatty acids were markedly 
reduced. As a result of this complex of changes 
in hepatic lipid fractions, the calculated liver 
total lipid was not significantly altered. Aver- 
age liver weight of the experimental birds was 


TaBLe 5.—Tissue Lipid Concentration in Control (Group I) and Experimental (Group 2) Chicks* 


{ | 
Phos- | : Ratio 
| Ratio 
Weeks ss Phos- | pho- = 
Li | 2 T : 

jon, | BIS | pho- | lipid | Gel: | Chol Totai | Chol: | Chol. | Fatty | Fat 
Diet lipid — - | Chol. | — Acid _—_ 

| ci mt : i Aci 


| Neu- 
| Total | tral 


Group Organ 


mg. % | mg. % mg. % | mg. % | mg. % 5 i mg. % | mg. % 
Carcass | 20.8} 540 | 362; 116] 109 6710} 6343 
Carcass | 84.4) 895 | 599 | 125] 109 7080} 6469 
Lung | 71.4| 1855 | 1248 | 477] 468 3760| 2510 
Lung | 99.6 | 1379 | 568 | 532 1715} 310 
Adrenal | 138 | 3580 | 2398 515 5690} 2824 
Adrenal 148 2580 | 1190 | 468 5460] 2354 
Gut | 50.6 883 | 246 | 236 4750| 3860 
Gut | 69.8 1215 | 421 | 387 5460| 4220 
Kidney | 65.8 | 1148 | 252 | 242 4910| 3755 
Kidney 101 1769 | 343 | 296 2165| 362 
Heart | 83.8 1461 | 155 | 147 12790| 11323 
Heart | 88.8 1550 | 158 | 147 9180] 7622 
Aorta | 589 174 | 168 oo 
Aorta | 41.0 | 707 | 169} 156 
| Liver 84.5 1472 | 287 | 277 
Il Liver 133 3318 | 1390 | 621 
| Aorta | | 23.5 410 | 180! 149 
II Aorta 990 | 170} 149 
I Liver — | 192] 169 | .88 | | — 
Il Liver | 782 586 , 2660 
I Liver — — — | 320] 291 | 91 
II | Liver — _— — | 1020 | 735 z= i } — 
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For symbols and calculations see table 3. All data are from series 1 chicks except for liver lipids after 35 weeks 
of experimental feeding. 





neutral fat fatty acids and total lipids exhibited 
no consistent or marked variations. 

The liver was the only organ showing large 
alterations from control tissue lipid levels. 
Liver analysis after 15, 25 and 35 weeks of the 
e\perimental diet revealed a 4 to 5 fold in- 
¢izase in the concentration of total cholesterol. 
Te concentration of esterified cholesterol was 
p-rticularly elevated (table 6), hence the ratio 
oi free to total cholesterol was considerably 
depressed. Hepatic phospholipids also in- 
cicased, but the per cent increment was con- 


moderately decreased at both 15 and 25 weeks. 
Nevertheless, the total amount of cholesterol 
in the liver of these birds was considerably 
increased. Thus after 15 weeks of experimental 
feeding, the average total cholesterol in the 
liver of group II chicks was 478 mg. (control: 
153 mg.). After 25 weeks on cholesterol diet, 
this value was 222 mg. (control: 76 mg.).* 





* From the data of this experiment it is difficult 
to evaluate the relationship of hepatic cholesterosis 
to atherogenesis. In a previous study on chicks fed 
desiccated thyroid and cholesterol,’ we obtained data 
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At both 15 and 25 week sacrifices there were occurred in 100 per cent of chicks with a mean 
plasma total cholesterol above 175 mg. per 
hundred ce. In contrast, birds with plasm: 
cholesterol concentration below 175 mg. per 
cent were uniformly free of thoracic athero- 
matosis. The mean plasma total cholestere| 
level of 5 chicks with thoracic lesions was 20s 
mg. per cent (range: 179 to 265); by contrast, 


no consistent changes in aorta cholesterol con- 
centrations. Neither group I nor group II birds 
showed any tendency for aorta cholesterol con- 
centration to increase with age, although both 
groups had developed atherosclerosis by 25 
weeks (tables 1 and 5). Further, the pooled 
aortas of group II birds exhibited no elevation 


TaBLe 6.—Correlation of Plasma Cholesterol Levels, Total Cholesterol: Lipid Phosphorus Ratios, and Grading of 
Atherosclerosis in Individual Experimental (Group IT) Birds of Series 2 


Total Cholesterol mg. % Total Cholesterol: Lipid P Grading 


Bird No. 


15 Weeks 20 Weeks | 35 Weeks Mean 15 Weeks 20 Weeks Mean Abd.# 
652 190 129 164 161 24. 18. 21.- 
655 238 161 395 265 28.3 21 5 24.8 


665 239 108 164 170 39.8 14. 27. 


662 218 105 130 151 26.: 12.3 19.: 


664 128 105 154 129 
654 250 130 232 204 
659 240 140 _ 190 
660 188 146 246 193 
666 154 143 239 179 


* Thor. is thoracic aorta. 
+ Abd. is abdominal aorta. 


13. I4. 
16.$ 21 .{ 
14. 20.1 
15. 18.§ 
16.6 16.£ 


— 


~~ 
tol tole 


> 


TABLE 7.—Relationships between Aorta Gradings and Plasma Total Cholesterol Levels in Experimental (Group 
II) Birds of Series 2 


Number 
of Birds 


Thoracic Aorta 
Plasma Total Cholesterol 
Plasma Total Cholesterol 
Abdominal Aorta 
Plasma Total Cholesterol 
Plasma Total Cholesterol 
Whole Aorta 
Plasma Total Cholesterol 
Plasma Total Cholesterol 


of cholesterol concentration, despite athero- 
sclerosis of greater morphologic severity at 25 
weeks. 

3. Biochemical-pathologic correlations. Data 
on plasma total cholesterol levels and aorta 
gradings of individual birds of the experimental 
group (series 2) are presented in tables 6 and 
7. Analysis of these data reveals that choles- 
terol-induced atherosclerosis of the thoracic aorta 


suggesting that cholesterol-induced atherosclerosis 
may proceed in the absence of hepatic lipidosis. 


No. with % with 
Lesions 1 Lesions 1 
or > or > 


No. with | with 


Average 
Lesions Lesions 


Grading 


the mean plasma total cholesterol level of 4 
chicks free of thoracic lesions was 153 mg. per 
cent (range: 129 to 170). These differences are 
significant. These findings are further evidence 
that atherosclerosis of the thoracic aorta is 
cholesterol-induced and is closely related to 
plasma cholesterol concentration. 

The birds with and without thoracic lesions 
had values for the ratio total cholesterol : lipid 
phosphorus equal to 20.4 and 20.6 respective'y 
(ranges: 16.5 to 24.8, and 14.5 to 27.1 respe:- 
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ively). Thus no apparent correlation was noted 

|.etween this plasma ratio and presence or ab- 
sence of atherosclerosis of the thoracic aorta. 
‘rom these data it would appear that plasma 
‘holesterol levels, per se, are more significant 
ior cholesterol-induced atherogenesis than the 
ratio total cholesterol: lipid phosphorus. 

Further analysis of biochemical-pathologic 
interrelationships in chicks fed 0.25 per cent 
cholesterol mash reveals that the levels of 
plasma total cholesterol and total cholesterol : 
lipid phosphorus are not closely correlated with 
the presence or absence of abdominal aorta 
atherosclerosis (tables 6 and 7). Thus mean 
plasma total cholesterol concentrations in 
eroup II chicks (series 2) with and without 
ubdominal lesions were 182 and 186 mg. per 
hundred ce. respectively (ranges: 151 to 204 
and 129 to 265 respectively). The mean plasma 
total cholesterol : lipid phosphorus ratios in 
birds with and without abdominal lesions were 
20.3 and 20.7 respectively (ranges: 18.9 to 21.9 
and 14.5 to 27.1 respectively). None of these 
differences are significant. Hence it would ap- 
pear that neither plasma total cholesterol level 
nor the value for the ratio total cholesterol : 
lipid phosphorus were, under the conditions of 
this experiment, decisive factors in influencing 
atherogenesis in the abdominal aorta of the 
chick. 

A similar analysis of data on control birds 
failed to establish any positive biochemical- 
pathologic correlations. Presence or absence ot 
the usual spontaneous abdominal atherosclero- 
sis could not be correlated with either plasma 
total cholesterol levels or values for the ratio 
total cholesterol : lipid phosphorus. Over the 
weeks of the experiment both of these values 
tended to fluctuate widely in individual chicks. 


DISCUSSION 


In two series of experiments, the addition of 
0.25 per cent cholesterol plus 5 per cent cot- 
tonseed oil to the regular diet of chicks led to 
: significant increase in the incidence, extent 
iad severity of atherosclerosis. This resulted 
«though only minimal hypercholesterolemia 
«ad organ lipidosis supervened. 

This finding in the chick is in accord with 
previous experimental. work on the rabbit. 


Anitschkow and others demonstrated that 
atherosclerosis can be produced in the rabbit 
without gross hypercholesterolemia and organ 
lipidosis.'*~*° They accomplished this by feeding 
small quantities of milk, egg yolk or hydrous 
wool fat over long periods of time (up to two 
years). In our study, significant atherosclerosis 
was observed in the chick after 35 weeks of the 
experimental diet. 

The most conspicuous effect of the choles- 
terol enriched diet in the present study was 
upon the thoracic aorta. Whereas all control 
chicks fed plain mash were completely free of 
atherosclerosis of the thoracic aorta, severe 
gross lesions in this area were present in 33 per 
cent of the cholesterol-fed birds. By compari- 
son, French and Dock noted that the thoracic 
aorta was frequently involved in young soldiers 
succumbing to an acute episode of coronary 
thrombosis." Many of these youthful human 
victims of atherosclerosis probably had some 
degree of hyperlipemia and hypercholesterole- 
mia.”-* Thus the lipid metabolic pattern in 
chicks fed 0.25 per cent cholesterol-enriched 
mash closely simulates that presumed to be 
significant for atherogenesis in man.”s: 29 

The induction of atherosclerosis in the chick 
under these circumstances reinforces the con- 
cept that atherogenesis is at least in part a 
function of exogenous cholesterol “‘input-load”’ 
—the quantity of ingested cholesterol per unit 
time that the body must transport, turnover, 
metabolize and excrete.?°-*! 

The consistent production of cholesterol-in- 
duced atherosclerosis in the omnivorous chick 
'7 and the dop*>: ** met one of the major ob- 
jections of those critics who minimized the 
significance of the work of Anitschkow and 
others in rabbits. The consistent production of 
cholesterol-induced atherosclerosis in the chick 
with minimal hypercholesterolemia and organ 
lipidosis meets a second major objection of 
these critics. Thus this finding is additional 
evidence for the key relationship role of choles- 
terol metabolism to the pathogenesis of athero- 
sclerosis. 

These experiments indicate that ingestion 
of small quantities of cholesterol over long 
periods of time induce minimal hypercholes- 
terolemia and atherosclerosis. They offer a 
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simple bridge to the occurrence of atheroscle- 
rosis in man in whom blood cholesterol levels 
do not appear to exceed the normal range. They 
fortify the concept that exogenous cholesterol 
stimulates atherogenesis in man without neces- 
sarily inducing obvious hypercholesterolemia. 


SUMMARY 


1. Feeding chicks a mash enriched with 0.25 
per cent cholesterol plus 5 per cent cottonseed 
oil induced a minimal sustained hypercholes- 
terolemia and hepatic lipidosis. This level of 
dietary cholesterol apparently approaches the 
borderline of chick tolerance for this substance. 

2. At the end of 35 weeks of the experimen- 
tal diet, a high incidence of gross cholesterol- 
induced atherosclerosis of the aorta was present. 
Cholesterol-induced lesions were particularly 
prominent in the thoracic aorta. 

3. Serial data on individual chick lipid levels 
indicated that atherosclerosis in the thoracic 
aorta closely paralleled the level of hypercho- 
lesterolemia. Atherogenesis did not correlate 
with the ratio of plasma total cholesterol to 
phospholipid. No other correlations could be 
established between biochemical and patho- 
logic findings in either experimental or control 
birds. 

4. The lipid metabolic pattern of dietary 
minimal hypercholesterolemia and organ lipido- 
sis in these chicks closely simulates conditions 
hypothesized to be significant for atherogenesis 
in man. Hence the presence of atherosclerosis 
in these birds lends further support to the 
concept of the relationship of cholesterol in 
general, and exogenous cholesterol in particu- 
lar, to the pathogenesis of human atheroscle- 
rosis. 
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Effect of Choline and Inositol on Plasma and 
Tissue Lipids and Atherosclerosis in the 


Cholesterol-Fed Chick 


By J. StamMuer, M.D., C. Botenr, M.D., R. Harris; M.D., anp L. N. Karz, M.D. 


The lipotropic factors choline and inositol fail to exert a prophylactic effect against hypercholes- 
terolemia, organ lipidosis and atherogenesis in the cholesterol-fed chick. 


HE DISCOVERY of the lipotropic ac- 
tion of choline, inositol and other sub- 
stances’ led several workers to postulate 
their utility in the prophylaxis and therapy of 
both experimental and clinical atherosclerosis. 
It was reasoned that these factors might influ- 
ence the deposition of lipids in the vascular 
wall, as well as in the liver. It was also suggested 
that they might affect the concentration and 
stability of plasma lipids, presumably key fac- 
tors in atherogenesis.?:!° 
Experimental attempts to test such hypoth- 
eses have lead to contradictory results.°~** 
Despite such inconsistent findings and the pau- 
city of clinical data,”':>-*" costly preparations 
of choline and/or inositol are being widely 
recommended as useful medications for the 
prophylaxis and therapy of human arterio- 
sclerosis. From both scientific and socioeco- 
nomic considerations, therefore, it is essential 
that further experimentation be done on lipo- 
tropic factors in arteriosclerosis. This and the 
subsequent paper present biochemical and 
pathologic data on the effects of choline and 
inositol on cholesterol-induced, stilbestrol-in- 
duced and spontaneous atherosclerosis of young 
cockerels. 


METHODS 


One day old Hy-Line cockerels were obtained 
from a commercial hatchery and raised in a battery 
brooder. They were fed a commercial chick starter 
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mash of known composition.2> At 5 weeks of age, 
96 birds were divided into 6 experimental groups o! 
12 birds each and 1 plain-mash control group of 24 
birds (table 1). Thereafter chicks were maintained 
on the experimental diets indicated in table 1. 
Essentially, the effects of 1 per cent choline plus 
1 per cent inositol* were studied in 3 groups of chicks 
fed varying percentages of cholesterol with and 
without cottonseed oil.+ In addition to the choles 
terol-fed control groups, a plain mash control group 
(group 7) was maintained.t 

All birds were weighed weekly and a record ot 
feed intake was kept. Chicks were bled periodically 
from the alar vein. Aliquots of plasma from 4 chicks 
were pooled. At least two such specimens of pooled 
plasma f-om each group were extracted as previousl) 
described,** and analyzed for the various lipid frac 
tions by the methods of Schoenheimer and Sperry” 
and Man and her co-workers.**: *! Chicks from groups 
1-4 were sacrificed by decapitation and exsanguina 
tion after 15 and 25 weeks of experimental feeding, 
birds from groups 5-7 after 15, 25, 35 and 47 weeks. 
At autopsy all the viscera were examined and the 


*We are indebted to Dr. A. Gibson of Merck 
& Co., Ine., and to Dr. A. Seribner of Winthrop- 
Stearns, Inc., for generous supplies of choline and 
inositol respectively. 

+ During the first six weeks of the experiment, 
groups 1, 2, 5 and 6 received 20 per cent cottonseed 
oil. On this diet, all groups, regardless of the other 
components of the diet, exhibited progressively de 
creased food intake and growth rate compared to the 
controls (group 7).29-*! Hence the diets of all four 
groups were changed during the seventh week of the 
experiment, 5 per cent cottonseed oil being substi- 
tuted for 20 per cent. This ration was continued for 
the duration of the experiment. Following its insti- 
tution, food intake quickly rose to normal or high 
levels. Accelerated growth and development ensued, 
so that in a few weeks these birds were equal in weight 
to the control birds (group 7). 

t Data on the effect of choline and inositol on lipid 
metabolism and spontaneous atherosclerosis in the 
chick fed plain mash are presented in the followin 
paper. 


Circulation, Volume II, Nevember, 1)? 





STAMLER, BOLENE, HARRIS, AND KATZ 715 
graphically on special forms; the thoracic and ab- 
dominal aorta were graded 0 to 4 for atheroma, 
according to criteria previously described.*! Birds 
from different paired groups were autopsied on the 
same day. The specimens were indiscriminately 
mixed and graded consecutively as unknowns. Blocks 
of tissue were taken for microscopic examination 
and fixed in 10 per cent aqueous formalin. Frozen 
sections were stained with sudan IV for lipids and 
paraffin sections were stained with hematoxylin- 
eosin. At the 15 week sacrifice, aliquots of several 


TABLE 1.—Experimental Diets 
Choles- 


‘ |Cottonseed 
Mash terol Oil 


Choline | Inositol 
94.5 0.5 0 
92.5 | 0.5 ez 
98 | 0 
96 | | 1 
94. 0 
| 92. foe 
| 100 0 


TABLE 2.—Plasma Lipid Levels in Chicks Fed 3% Cholesterol + Cottonseed Oil (Group 5), 1% Cholesterol + Cotton- 
seed Oil + 1% Choline + 1% Inositol (Group 6), and Plain Mash (Group 7) 
Neutral | 
: Total 
Fat 5 Lipid 
Fatty | (Calc.),4 
Acid mee 
mg. % wali 


Esterified 
Chol. 
Fatty | 

| Acid,§ | 

| mg. % | 


! 
|Phospho- | 
lipid | Total 
| Fatty | Chol.t, 
Acid,t | mg. % 


Total 
Fatty 
Acid, 


mg. % 


Weeks 
Group on 
Diet 


Ratio: T. 
Chol./ 
lipid P 


Free 
Chol., | 
mg. % | 


es Phospho- 
Lipid P, | lipid* 
mg. % 


Esterified| Ratio: 
Chol., F/T 


C / 
mg. % mg. % Chol. 


mg. % | 
| 
| 


80 
253 
45 
112 
238 
46 
60 
167 
24 
72 


983 
1374 
450 
751 
1480 
533 
842 
1109 
424 
807 
605 


447 
306 
108 
173 
466 
200 
461 
287 
160 
384 
110 


270 
319 
196 
219 
298 
188 
171 
327 
170 
200 
224 
160 
229 
182 
184 124 


181 
216 
131 
148 
200 
128 
115 
219 
115 
154 
150 
108 
154 
122 


186 77 
496 150 
101 41 
247 87 
478 
99 37 
150 68 82 46 
328 229 31 
69 32 37 46 
151 53 97 oF 
183 62 121 34 
90 31 59 4 
166 112 .32 
126 58 78 47 
70 33 37 47 
143 96 169 48 ol 
147 81 178 38 00 
— 78 24 31 
146 131 44 34 
126 129 44 .o4 
148 142 43 ol 
108 153 51 .33 
142 74 27 .36 
90 84 27 .33 


109 42 
346 ol 
60 41 
160 .36 
327 .32 
62 38 


18.9 
40.5 
13.3 
29.4 
41.9 
13.9 
22.5 
28.0 
10.6 
18.5 
21.4 
14.5 255 104 397 
18.6 916 679 1157 
18.8 1110 931 1296 
10.0 = 
30.1 

14.4 


708 
775 
384 
433 
904 
374 
636 
673 
199 
590 
340 


wonwnNweee 


nm on 


218 
187 
222 
161 
212 
135 


15.7 
18.0 
16.8 
16.8 

9°8 
15.3 


30 
35 
35 
35 


orm OH m1 


* Phospholipid = Lipid P X 26. 
+ Phospholipid Fatty Acid = phospholipid X 0.67. 
t Chol. is cholesterol. 

Ratio: F/T Chol. is the ratio of free cholesterol to total cholesterol. 

Ratio: T. Chol./Lipid P is the ratio of total cholesterol to lipid phosphorus. 
§ Esterified Chol. Fatty Acid = esterified cholesterol X 0.73. 

Neutral Fat Fatty Acid = total fatty acid — (phospholipid fatty acid + esterified cholesterol fatty acid). 
{ Total Lipid (Cale.) = phospholipid + total cholesterol + esterified cholesterol fatty acid + neutral fat 

itty acid. 


cross findings recorded. The heart and great vessels 
(,orta, brachiocephalic and iliac arteries) were care- 
fully inspected for evidence of gross atheromatous 
plaques. Lesions, if any, were described and recorded 


tissues from chicks of each group were pooled, ex- 
tracted and analyzed for lipids according to pro- 
cedures previously described.2* Livers and aortas 
were again analyzed at the 25 week sacrifice. 
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RESULTS 


Feed Intake, Growth and Development. Except 
for the aforementioned effect of 20 per cent 
cottonseed oil, all experimental diets were well 
tolerated. Throughout the experiment, choles- 
terol-fed paired groups, with and without the 
choline-inositol supplement, exhibited similar 
feed intake and weight gain. After substitution 
of 5 per cent for 20 per cent cottonseed oil, 
all cholesterol-fed chicks soon attained the 
weight level of the plain mash fed controls. 
Thereafter, all 7 groups had essentially similar 


feeding induced no change in the ratio of free 
to total cholesterol in the plasma. In all cho- 
lesterol-fed groups, total fatty acid, neutral 
fat fatty acid (calculated) and total lipid (cal- 
culated) tended to be elevated (groups 1 and 
5, tables 2 and 3). One-fourth per cent cho- 
lesterol apparently approximates to the upper 
level of chick tolerance for this substance, 
since it induced minimal hypercholesterolemia 
and organ lipidosis (group 5, table 2).*° In 
accord with results obtained with rabbits,®*” 
feeding chicks mash enriched with crystalline 


TABLE 3.—Plasma Lipids in Chicks Fed 4% Cholesterol + Cottonseed Oil (Group 1), $% Cholesterol + Cottonseed 


Oil + 1% Choline + 1% Inositol (Group 2), and Plain Mash (Group 7) 


| 
Phospho- | Esterified ; Neutral 
Weeks Lipid P Phospho-| lipid Total Free (Esterified) Ratio: | Ratio: T. Chol. ena Fat fetal 
Group on “lpia * | lipid, Fatty | Chol., | Chol., | Chol., F/T Chol./ Fatty Acid. Fatty | (4 + 
Diet | ™S- © | mg.% | Acid, | mg.% | mg. % | mg.% | Chol. lipid P Acid, es Acid aera 
mg. % | mg.% ™S% mg.c% | ™8- % 


259 173 321 129 
311 208 536176 
196 131 101 41 
298 200 573 «171 
437 292 866 330 
188 128 99 oF 
237 159 270 =: 124 
378 247 1030 304 
170 115 69 32 
10 ; 159 108 151 58 
10 : 210 141 343 

10 ; 160 108 90 31 
15 9. 253 170 340 109 
15 : 207 139 233 136 
15 4 184 124 70 33 
25 5. 176 118 146 43 
25 : 228 158 170 60 
25 — ov 78 24 


Same symbols and calculations as Table 2. 


or or 0 09 Oo me me om 


i) 


1 
2 
1 
2 
7 
1 
2 
7 
1 
2 
7 
1 
2 
7 
1 
2 
7 


feed consumption and weight. The inclusion 
of choline and inositol in the diet of cholesterol- 
fed chicks had no significant effect on either 
feed intake or growth and development. 


Plasma Lipids. The data on plasma lipid - 


alterations are summarized in tables 2 and 3 
and figure 1. All cholesterol-enriched diets pro- 
duced hypercholesterolemia and hyperlipemia 
of varying degrees. In all cholesterol-fed birds 
hypercholesterolemia was the principal altera- 
tion in the plasma lipid pattern. Phospholipids 
rose, but disproportionately less than choles- 
terol, so that the ratio total cholesterol/lipid 
phosphorus increased significantly. Cholesterol 


192 42 32.2 140 743 430 1150 
360 33 45. 262 804 333 1443 
60 41 13. 45 384 108 450 
402 30 49 294 654 159 1324 
536 39 51. 392 1069 384 2079 
62 38 13 .¢ 46 374 200 533 
146 47 29.6 107 655 389 1003 
726 ; 7 530 1126 349 2287 
37 i 10.6 24 199 160 424 
93 ; 25.! 69 317 140 519 
246 42.6 179 406 86 818 
59 . 14.é 43 255 104 397 
231 we 35.¢ 169 782 444 
97 55 Z 71 359 149 
37 ; : 28 = 
103 e ; 75 — 
110 80 — 
54 e — — 


cholesterol, without a supplement of cottonseed 
oil, resulted in both hyperlipemia and organ 
lipidosis (cholesterosis) (table 4 and figs. 1 and 
2). Apparently the chick is readily able to 
absorb significant amounts of cholesterol in the 
presence of only the neutral lipid contained in 
plain mash (3-5 per cent crude fat”). 

At all levels of cholesterol feeding, 1 per cent 
choline plus 1 per cent inositol failed consist- 
ently to lower hypercholesterolemia and hyper- 
lipemia. The lipotropic factors were without 
effect in ameliorating the minimal hypercho- 
lesterolemia consequent upon feeding a } per 
cent cholesterol enriched mash. The data in- 
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«eate that during the initial weeks of the 
:periment, addition of lipotropic factors to the 
et actually aggravated hypercholesterolemia 
ables 2 and 3 and fig. 1). At this time, hyper- 
,ospholipemia in the choline-inositol fed chicks 

« so tended to be more severe. However, the 
ec in phospholipid never kept pace with the 

- se in cholesterol. Thus exhibition of the phos- 
nolipid precursors choline and inositol> failed 


PLASMA 


PLASMA TOTAL CHOL. 
PLASMA LIPID P 


DN, 


° S 10 5 20 25 
TIME — WEEKS 


Fic. 1. Effect of choline and inositol on plasma 
total cholesterol (upper graph) and on the ratio 
plasma total cholesterol:plasma lipid phosphorus 
(lower graph) in chicks fed mash enriched with 2 
per cent cholesterol. The broken lines (B) represent 
data on birds receiving the lipotropiec factors (group 
4). Data at 0 weeks indicate control values in these 
chicks while fed plain mash, just prior to the onset 
of experimental diets. Discussed in next text. 


to elevate plasma phospholipid levels suffi- 
ciently to maintain a normal ratio total choles- 
terol/lipid phosphorus in the face of marked 
hypercholesterolemia. Likewise the lipotropic 
factors failed consistently to affect cholesterol- 
induced neutral fat hyperlipemia. 

Tissue Lipids. All cholesterol-fed birds ex- 
hibited a similar pattern of tissue lipidosis of 
Vorying severity after 15 and 25 weeks of 
e.perimental feeding. For brevity’s sake, we 
a:e presenting only the data on groups 3, 4 and 
7 ‘table 4 and fig. 2). These are representative 
» all our findings. Cholesterol feeding induced 
a ‘ipidosis in all organs analyzed, most marked 


in the liver and adrenal. Cholesterol, particu- 
larly esterified cholesterol, was the chief com- 
ponent of this tissue lipidosis. The increase in 
cholesterol concentration far exceeded the rise 
in phospholipid, which was often insignificant. 
In several organs (gut, lung, kidney and car- 


TABLE 4.—Tissue Lipid Levels in Chicks Fed 2% 
Cholesterol (Group 3), 2% Cholesterol + 1% Choline 


+ 1% Inositol (Group 4), and Plain Mash (Group 
7) for 15 Weeks. 





) 
| | Total | Total 
Organ \Group Lipid P,| co | Chet Fatty | Lipid 
| mg. % | mg of i o | Acids, |(Calc.), 
| | M8. 7 8-0 | mg. % mg. % 
| : 


10.4. 375 | 140| 877 | 1340 
9.5) 508 | 205 | 968 | 1557 
7.1| 70| 33| 384| 514 

127.0} 3130 | 1006 | 5050 | 9267 
136.0, 2024 | 1235 | 4190 | 7381 
84.5, 287 | 277 | 5340 | 6354 
36.3} 285) 211; — | — 
34.9] 279| 205; — | — 
33.8} 174| 168| — | — 
| 155.0, 3230 | 570 
| 123.0) 5020 | 564 

137.5, 1157 | 515 

716 | 448 

418 | 244 

246 | 236 

220| 176| — 

287 | 170| — 

155 | 147| — 

688 | 600 | 1425 

764 | 620 | 1570 

477 | 468 | 3760 

455 | 357 | 2180 | 

668 | 349 | 2495 

252 | 242 | 4910 

170 | 133 | 3730 

179 | 134 | 4510 


20.8, 116 | 69 | 6710 


Same symbols and calculations as Table 2. 


Plasma 
Liver 


Aorta 


Adrenal 


Gut 


Lung 


Kidney 


Carcass 


3 
4 
7 
3 
+ 
7 
3 
4 
7 
3 
4 
7 
3 
4 
7 
3 
4 
7 
3 
4 
7 
3 
4 
7 
3 
+ 
7 


cass) total fatty acid, neutral fat fatty acid 
and total lipid were depressed. In the liver and 
adrenal, total fatty acid was not significantly 
different compared with the values in plain 
mash fed controls, neutral fat fatty acid was 
depressed, total lipid was moderately elevated 
(table 4). 

Choline and inositol had an incomplete lipo- 
tropic effect on the cholesterol-induced he- 
patic lipidosis (group 4, table 4 and fig. 2). 
Except for a possible reduction in gut choles- 
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terol concentration, the lipotropic factors were 
without consistent effect on the lipid concen- 
trations of the other organs analyzed. They 


MG.% 
TOTAL 
CHOL 
3200 


1S 

TIME - WEEKS 
Fic. 2. Effect of choline and inositol on liver total 
(upper graph) and lipid phosphorus 
(lower graph) in chicks fed 2 per cent cholesterol. 
The stippled bars, labelled A, are values for birds 
receiving | per cent choline plus 1 per cent inositol 
(group 4). Data at 0 weeks represent values obtained 

. ; ; : ; ; 

on control chicks fed plain mash. Discussed in text. 


cholesterol 


TABLE 5. 


Weeks 
Group on 
Diet 


4%, Chol.* + oil 

3% Chol. + oil + 1% choline 
+ 1% inositol 

2% Chol. 

2% Chol. + 1°% choline + 1% 
inositol 

4%, Chol. + oil 

10, Chol. + oil + 1° choline 
+ 1% inositol 

7 Plain Mash 


15-25 


15-25 


15-25 
15-25 


15-35 
15-35 


15-47 


No. of 
Birds 


12 
11 


23 


CHOLINE AND INOSITOL IN. CHOLESTEROL-FED CHICK 


in table 5. Paired groups are in all cases com- 
parable with respect to the relative number of 
birds sacrificed at different dates. Addition of 
choline and inositol to cholesterol-enriched dies 
failed to reduce the incidence (% with lesions 
in table 5) or severity (sum of gradings and “% 
with grading 1 or >, in table 5) of lesions 
in either the thoracic or abdominal aorta. This 
was true for chicks fed } per cent cholestero] 
enriched mash, as well as the groups given 
larger amounts of sterol. Even with this near- 
tolerance dosage of cholesterol (} per cent).* 
the lipotropic factors failed to prevent or alleyi- 
ate atherosclerosis. If anything, the data suy- 
gest that exhibition of choline and _ inositol 
tended to increase the incidence and severiiy 
of atherosclerotic lesions. These morphologic 
findings correlate well with the data on aorta 
lipids (ef. table 4). 


DiscussION 


Under the conditions of this experiment, cho- 
line and inositol were without prophylactic effect 
against hypercholesterolemia, hyperlipemia, 
aorta lipidosis and atherosclerosis induced in 
the chick by cholesterol feeding. On the con- 
trary, the lipotropic factors tended to aggra- 
vate both hyperlipemia and atherosclerosis. 
The only positive finding was a partial lipo- 


Summary of Aorta Gradings for Gross Atherosclerosis 


Av. Grading of Gross . q 
Caan mos | No. with 

et Grading 

1or> 


© with 
Grading 
1 or 


No. with 
Lesions 


©) with 
Lesions 


Thor.* | Abd.* 


Sum 


50 
73 


89 
100 


63 
55 


26 


* Thor. is thoracic aorta; Abd. is abdominal aorta; Chol. is cholesterol. 


failed significantly to prevent or reduce aortic 
cholesterosis. 

Morphologic Findings. Gross autopsy findings 
in the aorta and great vessels are summarized 


tropic action against hepatic cholesterosis. This 
resistance (incomplete lipotropic response) of 
the cholesterol-type fatty liver to choline and 
inositol is in accord with previous observations 
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ci several investigators.** The lipotropic factors 
vere without consistent effect on the lipidosis 
and cholesterosis induced in other organs by 
¢olesterol feeding. 

Ready explanations are not forthcoming to 
account for the disparity between our negative 
findings and the positive results obtained by 
several workers who studied the prophylactic 
eifect of lipotropic factors against cholesterol- 
induced atherosclerosis. Differences in experi- 
mental procedure must be borne in mind. Thus 
all previous investigators except Herrmannt 
utilized rabbits as experimental animals.''>** 
Steiner’s recent report is perhaps the most 
complete study of this kind.” His rabbits were 
(, months of age at the beginning of the experi- 
ment, compared with our 5 week old chicks. 
Although the amounts of cholesterol and cho- 
line ingested by his rabbits and our chicks 
are roughly comparable, the two experiments 
differed in that he administered no inositol. 
Further, Steiner’s paper does not indicate 
whether food intake was similar in his two 
groups. The importance of quantitatively con- 
trolling food and cholesterol ingestion in studies 


on atherosclerosis has recently been empha- 


sized.!° #42 The time selected to sacrifice experi- 
mental animals is also relevant. Thus Steiner 
observed a protective action of choline in rab- 
hits killed after 40-80 days of cholesterol feed- 
ing. In animals sacrificed after 90-100 days 
on diet, this effect was no longer clearly appar- 
ent. Steiner concluded that choline delayed 
the appearance of arterial lesions.“{ In our 
experiments, initial morphologic studies were 
done only after 90 days of experimental feeding. 

Such experimental differences may account 
at least in part for discrepant results obtained 
in studies on lipotropic factors in experimental 


“In contrast, the hepatic lipidosis and cholestero- 
sis of chicks fed cholesterol is effectively prevented 
exhibition of desiccated thyroid.® 
| Since Herrmann studied the effects of lipotropic 
tors on plasma and tissue lipids in old hens fed 
‘(in mash, his findings are more closely related to 
ise we record in. the following paper. We therefore 
hhold comment on them here. 
t In aceord with our experience, he observed that 
‘line failed to suppress cholesterol-induced hyper- 
lesterolemia. 


atherosclerosis. In any éase, not only our study, 


~ but Steiner’s as well indicate that choline is 


incapable either of influencing cholesterol-in- 
duced hyperlipemia or of affording sustained 
protection. against cholesterol-induced athero- 
sclerosis. 

In conclusion it may be conservatively re- 
iterated that neither on theoretic, nor experi- 
mental, norclinical grounds is there today a firm 
scientific basis for the widespread clinical use 
of costly lipotropic preparations in the pro- 
phylaxis’ and/or therapy of human athero- 
sclerosis. 


SUMMARY 


1. The ability of choline plus inositol to 
protect against cholesterol-induced athero- 
sclerosis was studied in chicks fed 4} per cent, 
> per cent and 2 per cent cholesterol. 

2. The lipotropic factors did not lower cho- 
lesterol-induced hyperlipemia and hypercholes- 
terolemia. They did not effect a reduction in 
the ratio of plasma total cholesterol to lipid 
phosphorus. They tended to aggravate hyper- 
cholesterolemia and hyperlipemia. 

3. Choline and inositol exerted a partial, 
incomplete lipotropic effect against cholesterol- 
induced hepatic lipidosis and _ cholesterosis. 
They failed to affect the lipidosis and choles- 
terosis occurring in other organs, including the 
aorta. 

4+. The lipotropic factors did not reduce the 
incidence and severity of cholesterol-induced 
atherosclerosis of the aorta. In all groups fed 
cholesterol-enriched diets supplemented with 
choline and inositol, atherosclerosis tended to 
be more frequent and severe. 
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Effect of Choline and Inositol on Plasma and 
Tissue Lipids and on Spontaneous and Stil- 
bestrol-Induced Atherosclerosis in the Chick 


By J. Stamurr, M.D., C. BoLenr, M.D., R. Harris, M.D., ann L. N. Karz, M.D. 


The lipotropic factors choline and inositol fail to influence cholesterolemia, lipemia, tissue lipid 
concentrations, spontaneous and stilbestrol-induced atherosclerosis in the chick. 


N THE PREVIOUS paper we presented 

evidence demonstrating that choline and 

inositol are without effect on cholesterol in- 
duced atherosclerosis in the chick.' The present 
report extends these observations to stilbes- 
trol-induced?-* and spontaneous’:® atheroscle- 
rosis in this avian species. 


METHODS 


The present study was carried out concurrently 
with the one reported in the previous paper.' At 
5 weeks of age, 72 Hy-Line cockerels were divided 
into 4 groups (table 1). Biochemical and pathologic 
procedures used were those indicated in the previous 
paper.! 


RESULTS 


Feed Intake, Growth and Development. The 
pairs of groups (7 and 8, 9 and 10) exhibited 
closely similar feed intakes and weight changes. 
Compared with the plain mash-fed chicks, the 
stilbestrol-implanted birds tended to have a 
greater intake and to attain a greater weight. 
Thus the chicks of groups 7 and 8 attained a 
maximum weight of 2200-2300 Gm. at about 
22-25 weeks of age, whereas the stilbestrol- 
implanted birds continued to gain weight, 
reaching levels as high as 2600-2900 Gm. This 
phenomenon is attributable to estrogen-induced 
deposition of fat.'° In both pairs of experimental 
groups, addition of choline and inositol to the 
diet had no significant effect on feed intakes 
or weight changes. 
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Plasma and Tissue Lipids. Data on plasma 
and tissue lipids for all 4 groups are summarized 
in tables 2 and 3. It is evident that choline 
and inositol were without effect on plasma and 
tissue lipids in chicks fed plain mash. Neither 
aorta nor liver lipid concentrations of these 
birds were altered by supplementing the diet 
with lipotropic factors.* 

In accord with our previous observa- 
tions,?~*-'" repeated implantations of diethyl- 
stilbestrol pellets induced a chronic hyperphos- 
pholipemia, hypercholesterolemia, hyperlipemia 
and generalized slight organ lipidosis in 
cockerels (group 9, tables 2 and 3). Both aorta 
and liver cholesterol concentrations were 
slightly elevated. A greater, statistically signif- 
icant elevation in adrenal lipids was observed. 

No consistent effect of choline and inositol 


* Our findings on plasma and tissue lipids in young 
cockerels fed choline and inositol are different from 
the results of Herrmann on old hens.7~* He admin 
istered choline, methionine and inositol individuall) 
to old hens for 1-2 months, and found that each of 
these lipotropie factors lowered plasma, aorta, liver 
and heart cholesterol concentrations. He analyzed 
whole blood, rather than plasma, hence comparison 
in this respect is not possible. His control data on 
total cholesterol of the liver are in general agreement 
with ours. His control data on total cholesterol of the 
aorta and heart are higher than ours, the former 
slightly, the latter markedly. Likewise his data on 
tissue-esterified cholesterol concentrations disagree 
radically from ours. It is not possible to ascertain 
whether age, sex, diet or other factors are responsible 
for these discrepancies, and for the different results 
obtained with the lipotropic factors. Unfortunately, 
Herrmann does not comment on the effect, if any, o! 
the lipotropic factors on spontaneous atherosclerosis 
in old hens. 
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TaBLe 1.—Experimental Regimen Morphologic Data. The findings in the great 


Cho- 
line 
(%) 


| No. of | Mash vessels are summarized in table 4. Choline and 


. Inosi- 
Group | Chicks | (%) 


tol (% Diethylstilbestrol* 


inositol did not alter either the incidence or the 
24 | 100 0 ‘severity of spontaneous atherosclerosis in the 
24 | 98 0 : 

thick. 
12 100 25 mg.q. 3 weeks chick 
12 98 25 mg.q. 3 weeks In accord with previous experience,?~* chronic 


* We are indebted to Dr. K. G. Kohlstaedt of Eli exhibition of diethylstilbestrol resulted in an 


Lilly and Company for generously supplying the increased incidence and severity of athero- 
diethylstilbestrol pellets. , , - ert ; 
sclerotic lesions. Choline and inositol did not 


on plasma or tissue lipids of diethylstilbestrol reduce either the incidence or severity of this 
treated chicks was noted. stilbestrol-induced atherosclerosis. 


TABLE 2.—Plasma Lipid Data 


Phospho- | ‘eal Esterified| -p tal Neutral Total 
Weeks Linid P Phospho- lipid Total Free |Esterified) Ratio: | Ratio: T. | Chol. F Se Fat Li ‘4 
Group on ——*) aoe Fatty Chol.,t | Chol., | Chol., F/T Chol./ Fatty Acid Fatty | (cs PS @ 
Diet mg. “% Acid,t mg. % | mg. % | mg. % Chol. Lipid P | Acid,§ 3 Acid ames 
mg. % mg. % mg. “¢ mg. % 


mg. %% 


Co 
mg. 


196 131 101 41 60 41 13.¢ 45 384 108 450 
185 124 90 39 dl 44 12.6 76 345 208 559 
2918 1954 684 437 247 64 6. 184 6900 4762 8548 
2560 1715 826 595 231 te ie 172 9390 7503 11061 
188 128 99 37 62 38 13.$ 46 374 200 533 
209 140 93 40 53 45 iY. 39 275 96 437 
189 126 81 33 48 47 ri. 35 222 61 366 
253 169 108 42 66 SS bE. 48 397 180 589 
170 115 69 32 37 : ) 24 199 160 424 
180 121 90 35 55 : 13. 313 152 462 
1430 958 497 ‘ 135 ‘ 9. 6051 4995 7020 
913 612 333 120 : 9. 2700 2001 3334 
160 108 90 31 59 we : ‘ 255 104 397 
197 137 86 ‘ 57 we 6 337 158 483 
328 220 99 55 Ad ‘ “f 839 588 1046 
1335 895 356 227 129 | . f 3975 2989 | 4771 
184 124 70 33 37 : =, 
169 114 82 42 40 |. 463 329 600 
3303 2215 675 510 165 | . : 13800 11464 15563 
3275 5195 690 510 180 : 5 13050 10724 14820 
222 148 142 43 | 99 | = 
201 135 112 32 80 
2145 1437 576 366 | 210 
1130 757 261 14] 130 
135 90 84 27 57 
175 117 122 33 89 
1703 1142 355 158 
2126 1425 640 | 472 168 


l 
l 
| 
1 
3 
3 
3 
3 
5 
5 


30 

30 

30 

30 

35 

35 

9 35 65.: 
10 35 81. 


Shoo oe 


slr ax 


* Phospholipid = lipid P X 26. 

+t Phospholipid Fatty Acid = Phospholipid X 0.67. 

t Chol. is Cholesterol. Ratio: F/T Chol. is the ratio of free cholesterol to total cholesterol. Ratio: 
'T. Chol./Lipid P is the ratio of total cholesterol to lipid phosphorus. 

§ Esterified Chol. Fatty Acid = esterified cholesterol X 0.73. 

Neutral Fat Fatty Acid = total fatty acid — (phospholipid fatty acid + esterified cholesterol fatty acid). 

€ Total Lipid (Cale.) = phospholipid + total cholesterol + esterified cholesterol fatty acid + neutral fat 

atty acid. 
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TaBLeE 3.—Tissue Lipid Data at 15 and 35 Week 
Sacrifices 


Total | Total 

a Total | Free | Lipi 
tae Chol.,* | Chol., oy c <i 
8-0 | mg. % | mg. % mg. % | mg. % 


Organ Group 


Liver 5 | 287 | 277 5340 | 6354 
15 weeks ¢ 285 | 270 | 3020 | 4290 
433 | 379 | 19160 | 20968 

364 | 341 4014 43878 

Liver 6.7 | 333 | 292 | 3518 | 4476 
35 weeks 





372 | 319 | 11300 | 12687 
443 | 356 | 11340 | 12655 
Aorta So. 174 | 168 
15 weeks 9. 163 | 162 
309 | 280 
218 | 213 
Aorta 31.: 206 | 171 
35 weeks — |— 
274 | 215 
244 | 192 
Adrenal 37.5 | 1175 | 515 | 5690 | 8029 
788 | 256 | 8490 | 10333 
4160 | 618 | 10380 | 15845 
2100 | 626 | 13600 | 16861 
246 | 236) 4750 5431 
250 | 237. 4060 4709 
280 | 269 +6170 | 6900 
269 | 272 | 5080) 5757 
155 | 147; — 
151 | 148 — — 
186 | 172 — — 
162 158 — _— 
477 | 468 | 3760 | 4849 
322 | 331 1095 1834 
519 | 468 | 5150 | 6424 
472 | 456 | 2795 | 3684 
252 | 242 4910 | 5726 
349 | 329 +1950 | 3213 
351 | 329 6360 | 7711 
361 | 346 5840 | 7091 
116 | 69 6710 7004 
91 91 5370 | 5662 
119 | 112 | 12100 | 12469 
127 | 125 | 10520 | 10882 


5.4 
5 
5 

3.8 


Heart 


i» bo 


a) 


- 
SS 


Kidneys 


103 

Carcass 7 20 
23 

29. 

27. 


ne POR DwWO?’ 





For Calculations see table 2. Groups 9 and 10 
were reimplanted with diethylstilbestrol 1 week prior 
to 15 week and 3 weeks prior to 35 week sacrifices. 

* Chol. is cholesterol. 


DISCUSSION 


It is evident that the lipotropic factors are 
without prophylactic effect not only against 
cholesterol-induced,' but also against stilbes 
trol-induced and spontaneous atherosclerosis i: 
the chick. 


SUMMARY 


1. The prophylactic effect of choline and ino- 
sitol against spontaneous and_stilbestro|- 
induced atherosclerosis of the chick wa 
studied. 

2. The lipotropic factors were found to b» 
without effect on plasma and tissue lipid con- 
centrations in either plain mash-fed or stilbes- 
trol-treated birds. 

3. Choline and inositol failed to reduce either 
the incidence or severity of spontaneous or 
stilbestrol-induced atherosclerosis. 
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TABLE 4.—Gross Grading of Aorta Lesions 


Weeks on No.of | No.with | %with 
Diet Birds Lesions Lesions 


15-47 | 2 
15-47 | 


| | 26 
15-35 | 9 | 
| 


6 

5 | 28 

4 44 
15-35 ll 7 | 64 


* Thor. is thoracic aorta; Abd. is abdominal aorta. 


Av. Grading of Gross Lesions 
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The George E. Brown Memorial Lecture 


Fifteen Years of Progress in Cardiovascular Disease 


The Role of the American Heart Association in Research 


By Epear V. AuLeN, M.D. 


EMBARK on this lecture with some trepi- 
dation, for, in years past, you have had the 
privilege of hearing scientific presentations 

which I doubt that I can equal. You will 
understand my difficulty when I mention 
George E. Brown Memorial lecturers of the 
past: Walter B. Cannon, Eliot R. Clark, Cecil 
Kx. Drinker, Henry C. Bazett, Alfred Blalock, 
Helen MeMaster, D. C. Elkin, 
Irvine H. Page and Walter H. Seegers. It has 
become established practice for the annual lec- 
turer to be selected by the Chairman of the 
Section for the Study of the Peripheral Circu- 
lation, and I wish to express my appreciation 
to Dr. Wilkins, who has given me this oppor- 


Taussig, P. 


tunity to honor my late chief and associate, 
George Brown. He, you will recall, was instru- 
mental in forming the Section for the Study 
of the Peripheral Circulation of the American 
Heart Association, and was its first chairman, 
although his death, in 1935, prevented his pre- 
siding at its first meeting. 


GEORGE E. Brown, PHysICcIAN AND Man 


George Elgie Brown was a pioneer in the 
clinical field of peripheral vascular diseases. 
When he became associated with the Mayo 
Foundation and the Mayo Clinie in 1921, Dr. 
W. J. Mayo offered him choice of several fields 
of internal medicine to which he could devote 
his major effort. Characteristically, he declined 
those specialties which were relatively well es- 
tablished and chose instead one in which there 
existed little knowledge and much confusion— 
peripheral vascular diseases. Pioneering in 
medicine was not new to George Brown for 


Delivered before Twenty-third Annual Scientific 
Session of the American Heart Association, San 
Francisco, California, June 22, 1950. 


he had performed the first Wassermann test 
in the State of Montana and was the first in 
that region to use the roentgenoscope as a 
diagnostic aid. 

When he went to Rochester, fresh from 10 
vears of practice in Miles City, Montana, Dr. 
Brown had wide knowledge of the entire scope 
of internal medicine. He continued to be active 
as a clinician in this broad field. It was natural 
for him to please people and his patients were 
conscious of his personal charm while he gave 
them the full benefit of his extensive experi- 
ence. 

At the same time, possessed of refreshing 
vigor, infectious enthusiasm, and persistent im- 
patience with the unknown, he worked as stu- 
dent, investigator and teacher in the realm of 
peripheral vascular disease. His dissatisfaction 
with incomplete or uncertain knowledge raised 
problems for solution which constituted an in- 
exhaustible backlog for research. In this ac- 
tivity, as in practice, he was always cheerful, 
always considerate and always. stimulating. 
Recognizing that no one man can be master of 
everything, he enlisted the aid of physiologists, 
pathologists, surgeons and other clinicians. In 
his association with these others, he was per- 
sistent in his efforts to give credit to them and 
to assume an inconspicuous role for himself. 
Consequently, his bibliography and the list of 
important societies of which he was member 
and officer constitute only a partial record of 
his accomplishments. They are recurrently rec- 
ognized, however, by the provision of this lec- 
tureship. 

George Brown had an extraordinary capacity 
for making friends. He was respected and ac- 
mired by many; those who knew him we'll 
held him in true affection. His untimely death 
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in November, 1935, was widely mourned; many 
lo-t a valued friend; medicine was deprived of 
a zreat physician and the clinical field of pe- 
ri»heral vascular disease was so placed that it 
never could discharge its debt to him. He 
achieved, in his lifetime, the pure delight of 
chnieal research, that science of which Mark 
Axenside, another physician, wrote so learn- 
ediy, at the age of 23 years, some 200 years 


ago. 


Speak ye the pure delight, whose favored steps 
Che lamp of science thro’ the jealous maze 

Of nature guides, when haply vou reveal 

Her secret honors. 


Dr. Brown was a great believer in the apho- 
rism that “the pot will bubble if the fire is 
fed.”’ Indeed, I was tempted to use this ex- 
pression as title of this lecture but I feared 
the wrath of indexers. 


THe NATURE OF THIS PRESENTATION 

In this presentation, I cannot outline the 
results of some fundamental research of my 
own, such as you have enjoyed from the lips 
of previous lecturers. Instead, it is my inten- 
tion to review the accomplishments of the 
American Heart Association and the progress 
of research on cardiovascular diseases, in the 
15 years which have elapsed since Dr. Brown 
died, and to indicate the problems which re- 
main. Because of the broad scope of such a 
task, 1 could not undertake it alone and have 
called on a number of associates. I express my 
appreciation to Drs. Burchell, Visscher, Grim- 
son, Essex, Roth, Edwards, Page, Katz and 
Keys as well as to many of you, and to others 
whose publications I have read. It is my in- 
tention to paint broadly; some details will be 
omitted or remain obscure; others may assume 
prominence in excess of their importance. Of 
these errors I ask your tolerance. 


Tue AMERICAN Heart AssocraTION 
ifteen years ago, the American Heart Asso- 
ci tion existed only as a body of clinicians, 
chiefly cardiologists; its main function was the 
anual scientific program. Perhaps the first 
sinificant change in this organization, imple- 
mented by the formation of the Section on 


27 
Peripheral Vascular Diseases in 1935, was reé- 
ognition of the fact that the American Heart 
Association could not fill its greatest function 
unless the idea was abandoned forever that 
clinical cardiology was the complete expression 
of cardiovascular diseases. It is to the credit 
of those who were the prime movers of the 
American Heart Association of 1935, and to 
those who have been its guiding spirits since 
that time, that the necessity of a wider field of 
endeavor was accepted; that this acceptance 
was indicated by an alteration in the personnel 
of the Board of Directors to include those 
whose interests were outside clinical cardiol- 
ogy; and that the membership was extended 
to include all interested in cardiovascular dis- 
eases, be they clinicians, physiologists, chem- 
ists, pharmacologists, surgeons, public health 
workers or anatomists. This concept of the 
unity of all cardiovascular problems has largely 
prevailed, although three organizations com- 
posed, respectively, of the vascular surgeons, 
of those particularly curious about coagulation 
of the blood and of those working on arterio- 
sclerosis, still are officially without the fold 
of the American Heart Association. It is my 
belief that they could serve themselves better 
and could contribute more to American medi- 
cine were they to become parts of this inclusive 
organization. 

As late as April, 1946, the entire staff of the 
American Heart Association consisted of a part- 
time executive secretary, an office secretary 
and four clerks. Currently it is composed of an 
executive director; a medical director; a public 
health director; a fund raising director; a busi- 
ness administrator; a director of program de- 
velopment; a chief statistician; an administra- 
tive assistant; seven field representatives, 
consultants or supervisors; a publicity mana- 
ger, and a clerical staff of 41. 

In 1945, the net income of the association 
was $39,052. There were no funds for research. 
For the year ending June 30, 1949, gross con- 
tributions to the association and affiliates were 
somewhat more than $2,500,000, of which the 
national organization received about $750,000. 
In 1948, of this sum, $250,000 was devoted to 
research and, in the year 1949-1950, $400,000 
was allotted for this purpose. This large amount 
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of money available for research is cause for 
pride but, in my estimation, it is about 1 per 
cent of that which is desirable from all sources. 
Forty million dollars is much money but it is 
only one tenth that donated annually as tips 
for waiters and waitresses in restaurants. It 
represents only $5 for each person with cardio- 
vascular disease. Perhaps we need a new slogan: 
“Give a tip for your heart.” 

Enlistment of the aid of public spirited citi- 
zens who are not physicians, and election of 
them to the governing bodies of the associa- 
tion, was a forward-looking step which was 
most productive. To these individuals who 
have served unselfishly and without profit, this 
organization is profoundly indebted. Without 
their assistance, the association would be much 
farther from the desired goal than it is today. 

Publication of the journal, “Circulation,” 
owned and edited by the American Heart As- 
sociation, and dedicated to early printing of 
each accepted manuscript and to printing of 
articles dealing with all phases of the circu- 
lation, has been a magnificent achievement. In 
the short period of six months the journal 
has become the most eminent in its field and 


without a superior among current medical pe- 
riodicals. 

A few minutes ago, I referred to the desira- 
bility of including in the American Heart Asso- 


ciation all organizations and _ individuals 
interested in any phase of cardiovascular dis- 
ease. In the past, some benefit has accrued 
from special councils, such as that on rheu- 
matic fever, and from special sections, such as 
the Section for the Study of the Peripheral 
Circulation. Inasmuch as unity of purpose ex- 
ists as has been mentioned previously, it may 
be timely to consider abandonment of such 
sections and councils, except for the purpose 
of fund raising. Such a development must be 
predicated on wisdom and carried out with 
zeal, now and in years to come. It will require 
careful selection of representatives from each 
field of activity on various boards and com- 
mittees, so that the association will express the 
desires of all its members. 

At the risk of offending some of you, I ex- 
press some concern about the retention of 75 
per cent of all funds by each affiliate of the 


American Heart Association. In many instan- 
ces such a program is maintained in wisdom 
but, in other instances, funds are expended in 
areas where facilities for their judicious ‘ise 
are inadequate. It is my hope that it will 5e- 
come customary for all affiliates to forward to 
the American Heart Association the largest 
possible amount of funds which can be de ig- 
nated for research; that regional research c.m- 
mittees will be established, and that all requ: sts 
for research funds will be forwarded to ‘he 
association for allocation by regional resea ‘ch 
allocations committees. Those whose projects 
are worthy and important will not lose end 
those whose projects do not possess these qu:li- 
ties will have the satisfaction of contributing 
to worthy causes. 

It seems clear that the future will bring 
changes of great importance in the problem of 
raising funds. The multiplication of appeals 
for funds and the knowledge that government 
support of research comes out of their taxes 
have hardened the hearts of many philanthro- 
pists of small and large pocketbooks. This atti- 
tude finds expression in the ‘Let Us Alone” 
weeks organized by businessmen. The public 
is confused by (1) multiple fund raising cam- 
paigns, (2) a trend toward a single appeal and 
(3) growth of government financing, all at the 
same time. The times and the public attitude 
challenge every cause which asks for money. 
The case for many such causes is excellent, 
although there is much disproportion in sup- 
port obtained. For example, in 1945, funds 
contributed per cardiovascular death amounted 
to 7 cents. Contrast this with $22 per death 
from tuberculosis and $13,000 per death from 
infantile paralysis. The situation has improved 
since 1945, but disproportion still exists. If, by 
any chance, you are thinking that the large 
funds for poliomyelitis are necessitated by the 
low mortality rate and the high rate of crip- 
pling which attend this disease, I may respond 
that cardiovascular disease is also a great crip- 
pler, as is indicated by the estimated 9,000,000 
Americans with cardiovascular diseases. 

Many now believe that campaigns for funds 
conducted by or for individual organizaticns 
must cease and many others believe that te 
trend toward fund raising campaigns based on 
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tie single appeal cannot be stayed. There is 
a triple danger in this trend: total contribu- 
tions almost certainly will decrease; apathy 
nay develop so that American people will lose 
s mething precious in national life, philan- 
t} ropy; and the government may take over 
nuch of the function of such organizations as 
tle American Heart Association. I speak as a 
ciiizen, without regard to party affiliation, 
when I express great concern over the en- 
croachment of the federal government on a 
ficld which is, in large part, the function of 
individuals and philanthropic organizations. 
There is, of course, room for enforced philan- 
thropy, if there can be such, and also for 
voluntary philanthropy, but the tendency is 
for the first to swallow the second. That we 
must not permit. Private support must. bal- 
ance governmental aid. Already, the opinion 
is abroad that the wells of private philanthropy 
are going dry. Yet approximately 1,000 founda- 
tions have collective assets of $2,000,000,000 
and they contribute $100,000,000 annually 
to philanthropic causes, including research in 
medicine. In 1946, approximately 9,000,000 
families with incomes of $2,000 to $5,000 gave 
away a total of about $1,200,000,000. In the 
past, national philanthropy each year has rep- 
resented about 2.5 per cent of the gross income 
of those paying income taxes. The figure is 
about $3,000,000,000. 

Certainly, it is not unreasonable to expect 
that a small amount of this enormous sum, 
perhaps $40,000,000 annually, should even- 
tually be available for research in cardiovascu- 
lar diseases. It is our job to make certain that 
we obtain adequate consideration of our prob- 
lems by the public at large; admirable progress 
has been made in this direction. We, the 9,000 
members of this association, have more than 

professional interest in cardiovascular dis- 

aes, inasmuch as most of us will die of dis- 
aes of the heart or blood vessels. A 
tribution by each of us in the amount of 

0 annually would provide $900,000 for re- 
eveh, double the amount currently available. 
‘hundred dollars would be the cheapest life 

ins irance premium each of us could buy. If 
1 of us could persuade our patients to con- 

i ute an aggregate of $1,000, $9,000,000 


would be available for research. It is my belief 
that we, the members of the association, have, 
perhaps, been somewhat negligent in our own 
personal campaigns to raise funds. 

The Council for High Blood Pressure Re- 
search, a most admirable organization, has 
raised $217,000 in somewhat more than four 
years; 87 per cent of this amount was con- 
tributed by corporations in the city of Cleve- 
land. This accomplishment indicates clearly 
that corporations constitute a great reservoir 
of funds for research. 

I turn again to the possibility, indeed the 
probability, that our methods of raising money, 
currently effective, may have to be abandoned. 
If that be so, we of the American Heart Asso- 
ciation must not only add strong support to 
encouragement of liberal philanthropy but we 
must insist on the truth that our problems are 
of such magnitude that attempts to solve them 
must be supported adequately. I do not neces- 
sarily imply that cardiovascular diseases can 
be prevented or cured with dollars, although I 
believe that dollars, in addition to our best 
resources for research, can prevent or cure 


most of these diseases. Some of you may dis- 
agree with that opinion but all of you will 
agree, I am sure, with the belief that progress 
requires research; research requires dollars. 


ADVANCES IN PATHOLOGY 


Studies in pathology have demonstrated 
clearly that the patient with rheumatic fever 
is subject to repeated episodes of rheumatic 
carditis which lead to the later complications 
of rheumatic heart disease. The cardiac lesions 
associated with rheumatoid arthritis have been. 
shown to be indistinguishable from those of 
rheumatic fever. The probability exists then 
that rheumatic fever and rheumatoid arthritis 
are, from the standpoint of the heart, parallel 
conditions. 

Myocarditis is now known to be associated 
with rickettsial diseases and with diseases 
caused by viruses, such as_ poliomyelitis, 
mumps, measles and influenza, if it can be 
assumed that all of these are virus diseases. 
Myocardial lesions are commonly associated 
with bacterial endocarditis; many of these le- 
sions are infarcts resulting from lodgment of 
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emboli from involved valves. The cure of bac- 
terial endocarditis has permitted the observa- 
tion that healing may be followed by cardiac 
failure. Postmortem examination of the heart, 
roentgenologic visualization of the coronary 
arteries, and other studies, have demonstrated 
that the progressive narrowing of a coronary 
artery stimulates collateral circulation, the ade- 
quacy of which determines death or survival 
in cases of acute coronary occlusion. Myo- 
cardial hypertrophy has been shown to result 
from coronary arteriosclerosis in the absence 


of hypertension. The argument as to which is. 


primary, hypertension or arteriolar changes, 
medial hypertrophy and intimal fibrosis, seems 
fairly well resolved for it seems clear that the 
arteriolar changes, if not secondary to hyper- 
tension, are at least not the cause of it. 

Hemochromatosis and amyloidosis of the 
myocardium produce changes which cause it 
to fail. Heretofore, unrecognized types of con- 
genital anomalies have been described. Mal- 
formations of the aortic arch resulting in 
“vascular rings” have led to surgical correction 
of them. More accurate study of the region of 
coarctation has shown that all parts of the 
aorta except that which connects with the 
ligamentum arteriosum are concerned in thick- 
ening of the media, which protrudes into the 
lumen of the aorta, causing it to be narrowed 
eccentrically. The intercostal arteries, in cases 
of coarctation, do not cause notching of the 
lower margins of the ribs but only appear to 
do so because this portion of the ribs is trans- 
parent to roentgen rays; the anatomic changes 
involve the lower portions of the main body 
of the ribs. Organic changes in the small pul- 
monary arteries, apparently resulting from in- 
creased pressure, have been demonstrated in 
congenital heart disease. 

Medial thickening and intimal fibrosis in- 
volving the pulmonary arterioles have been 
demonstrated in cases of mitral stenosis. These 
changes may have an important influence on 
the results of operation for mitral stenosis, 
inasmuch as their presence, in significant de- 
gree, might indicate irreversibility and, by vir- 
tue of increased pressure in the pulmonary 
artery, fail toe lessen adequately the work of 


the right ventricle, even if mitral stenosis were 
relieved. 

The term “periarteritis nodosa’ has been 
shown to be ill advised and to have no virtue 
except that of long usage. The correct designs - 
tion should be ‘“‘disseminated microarteritis. ’ 
Clinical recognition of the disease has improve | 
greatly. The condition has been shown, ex- 
perimentally, to be a reaction of arteriolar 
hypersensitivity to a variety of drugs and is 
now known to be of much more common ov- 
currence than previously it was supposed to 
be. Although still a rare disease, it is known 
to masquerade under such diverse clinical diag- 
noses as “essential hypertension,” ‘‘disturb- 
ances of the sensorium,” ‘chronic glomerular 
nephritis,” ‘‘peripheral neuritis’? and ‘‘clini- 
‘ally indeterminate lesions of the gastro-intesti- 
nal tract.”” The hormones, cortisone and 
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ACTH, cause or allow ‘healing’? of inflamed 
arteries although, in the process of healing, 
multiple infarctions may occur. 


ADVANCES IN PHYSIOLOGY 


The production of renal hypertension by 
placing of bands about a renal artery, and by 
prevention of parenchymal pulsation with en- 
velopes of silk or cellophane, are more than 
noteworthy contributions in themselves. These 
investigations have touched off an enormous 
number of studies and have formed the basis 
for the observation that unilateral renal disease 
of man may provoke hypertension which is 
otherwise indistinguishable from essential hy- 
pertension and which can be cured by nephrec- 
tomy. Unfortunately, experimental hyperten- 
sion is not the physiologic counterpart of 
essential hypertension of man. Persistent hy- 
pertension has been produced by section of 
nerves to the carotid sinuses and aortic archi. 
Continuous stimulation of splanchnic nerves 
or of nerves of the renal pedicle produces hy- 
pertension as long as stimulation is maintained 
and provides basis for a conjecture that some 
‘essential’? hypertension may be on a purely 
neurogenic basis. The secrets of renal function 
which for long have been of great interest 10 
scientists have yielded, in substantial part, to 
tests for glomerular filtration in which mannit: | 
and inulin are employed. Renal blood flow an | 
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total tubular mass can be determined by using 
such substances as paraaminohippurate. The 
substances, renin, renin substrate, angiotonin, 
noradrenaline, substained pressor principle and 
scrotonine, wholly unknown 15 years ago, have 
assumed great importance in the study of main- 
tenance of normal and high blood pressure. 

Catheterization of the right side of the heart, 
the pulmonary vessels and the renal artery 
and vein, has assumed major importance in 
the understanding of normal and failing cardiac 
funetion and of abnormalities of anatomic 
structure. Even the left side of the heart has 
been catheterized. It has been demonstrated 
clearly that the edema of congestive heart 
failure is not solely a result of increased venous 
pressure, but that retention of sodium and 
endocrine factors are operative. On the other 
hand, edema of the lung seems to be a conse- 
quence of left ventricular failure. 

Experimental heart failure of animals is as- 
sociated with waste of energy by the heart; 
perhaps this is true in man. In experimental 
heart failure, the various preparations of digi- 
talis increase the efficiency of utilization of 
energy and the output of energy in systole. 
This observation helps to explain the thera- 
peutic usefulness of the drugs of the digitalis 
series. 

Various other achievements are noteworthy. 
The action of the valves of the heart has been 
photographed and the heart sounds of the iso- 
lated heart have been recorded. An artificial 
extracorporeal heart has been devised. Endo- 
cardiosecopy has permitted visualization, al- 
though considerably limited, of the interior of 
the normally beating heart. The vital and 
enormously complex process of coagulation of 
blood has become increasingly better under- 
stood. There is evidence that in some experi- 
mental animals, the formation of atheromatous 
‘hanges depends on endogenous and exogenous 
holesterol. But most exciting is the observa- 
ion that atheromatous changes can be made 

disappear. There appears to be a close re- 
onship in animals among the ingestion of 
lesterol, the presence in the blood of giant 
lecules of protein-cholesterol and the inci- 
nee of atheromatous changes. 


ADVANCES IN CONDITIONS COMMONLY 
CONSIDERED NONSURGICAL IN 
NATURE 

Unfortunately, the hard core of the problem 
of hypertension remains. The original hope that 
sympathectomy would offer a uniformly ef- 
fective method of treatment of hypertension 
has faded as experience has accumulated. It is 
of some interest that a patient of Dr. Brown, 
in whose honor this lecture is given, was the 
first to undergo sympathectomy for hyperten- 
sion. Dr. Adson performed the operation. Dr. 
Brown lived long enough after this experience 
to know that sympathectomy for hypertension 
was more commonly ineffectual than effectual 
for treatment of hypertension. Fifteen years 
later, we know little more of this subject. All 
means of selection have failed in greater or 
lesser degree and, with the best selection, not 
more than 20 to 35 per cent of those subjected 
to sympathectomy are benefited by satisfactory 
reduction in blood pressure. I am not con- 
vinced that very extensive operations produce 
better results than less extensive ones, but 
opinions vary about this. The results are, on 
occasions, excellent but no one has been able 
to determine before operation which patients 
will be greatly benefited and which patients 
benefited little or none. There is one exception 
to this statement: patients with advanced car- 
diorenal vascular complications of hypertension 
hardly ever benefit from sympathectomy. We 
have then, in sympathectomy, an important 
therapeutic method, application of which is 
hampered by lack of knowledge of the situa- 
tion in which*it can be most satisfactorily 
used. These observations, considered along. 
with the knowledge that the blood pressure of 
some patients with essential hypertension is 
reduced by such diverse measures as rigid re- 
striction of intake of sodium, use of the rice 
diet, psychotherapy and administration of po- 
tassium thiocyanate, seem to indicate that ‘‘es- 
sential’ hypertension is not one disease but 
many diseases having in common nothing more 
than elevation of blood pressure. 

In addition to sympathectomy, three other 
great advances in surgical treatment of hyper- 
tension have been made in the past 15 years. 
In the presence of unilateral atrophic pye- 
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lonephritis, tuberculosis, hydronephrosis or 
pyonephrosis, and hypertension, nephrectomy 
will effect a “5 year cure” of associated hyper- 
tension in a third to half of the cases, provided 
function of the other kidney is “normal.” How- 
ever, such cases represent only about one in 
each 300 to 500 cases of hypertension. Suc- 
cessful surgical treatment of coarctation has 
largely eliminated the problem of the hyper- 
tension that accompanies it. An extremely 
small percentage of patients with hypertension 
have coarctation. Hypertension resulting from 
pheochromocytoma may be paroxysmal or sus- 
tained; removal of the tumor cures the hyper- 
tension in most such cases. But again, very 
few patients with hypertension have pheochro- 
mocytomas and, in the past, clinical diagnosis 
was made in only a third of the cases. For- 
tunately, tests with histamine, Dibenamine, 
Mecholyl, tetraethylammonium chloride and 
benzodioxane have made the diagnosis possible 
with increased frequency. Many tests must be 
performed to find one pheochromocytoma. At 
the Mayo Clinic, tests for pheochromocytoma 
were made on 730 patients; tumors were found 
in 12 instances. 

In the great majority of all instances of 
essential hypertension, the blood pressure can 
be returned to normal or nearly normal values. 
The problem is chiefly one of duration of relief, 
for although drugs such as tetraethylammo- 
nium chloride will cause striking and satis- 
factory reduction in blood pressure, the results 
endure for only a few minutes. I am hopeful 
that sometime in the currently unpredictable 
future, there will be found a drug which will 
reduce the blood pressure of patients with hy- 
pertension to a degree comparable to that 
which results from the use of tetraethylammo- 
nium chloride, but which will have enduring 


effects and be free of those which are. 


undesirable. 

Considerable experience has been accumu- 
lated relative to the use of adrenocorticotropic 
hormone and cortisone in the treatment of 
disseminated microarteritis and cranial arte- 
ritis. In the latter condition, the rate of re- 
covery is hastened. The lesions of microarteritis 
apparently heal as a result of administration 
of the aforementioned hormones; although 


some patients die while under treatment, others 
are clinically much improved. More time and 
experience are needed to assay finally the use. 
fulness of ACTH and cortisone. 

Medical science has encroached but slightly 
on the distressing intravascular thrombosi: 
which is such an important complication o: 
arteriosclerosis, arteritis and phlebitis, anc 
which may occur in the absence of inflamma 
tion of the walls of veins. Use of the anti- 
coagulants heparin and dicumarol has savec 
many lives and many limbs, and has prevented 
or lessened much chronic venous insufficiency. 
Newer substances similar to heparin and di- 
cumarol, at present under study, do not appear 
to have important advantages. The great de- 
ficiency in the satisfactory use of dicumarol is 
the need for expert knowledge, and for wholly 
reliable laboratories, unavailable to many phy- 
sicians. Administration over long periods of 
time requires constant vigilance. Heparin is 
expensive and needs to be given parenterally. 
The possibility of hemorrhage is of some mag- 
nitude although lessened by experienced use. 
Anticoagulants are used mostly when intra- 
vascular thrombosis has occurred. Anticoagu- 
lants never can be entirely satisfactory until 
they can be used commonly and over long 
periods without danger, or until the physician 
can predict the occurrence of intravascular 
thrombosis and prevent it with anticoagulants. 
It is most unsatisfactory that a new therapeutic 
tool has been improved so very little in the 
years just past. 

Atherosclerosis has been largely resistant to 
efforts to prevent or cure it. Restriction of the 
intake of animal fat and of cholesterol, and 
use of lipotrophic agents such as choline, ani- 
setol and methianine, has done no more than 
provide a clue to a disease which I consider 
preventable and perhaps reversible. Previously 
I referred to work which indicates that experi- 
mental atherosclerosis is reversible. I do no! 
look on atherosclerosis as a manifestation of 
aging, except in the same way that I consider 
gray hair a manifestation of aging, and tha! 
may first appear at the age of 30, or at th 
age of 60 years. I do not subscribe to th 
statement attributed to Osler that “a man i 
as old as his arteries” if that statement wa 
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i,tended to imply that atherosclerosis is an 
i; evitable companion of aging. It would be 
uch wiser to parody a statement of Gertrude 
ein and say, “A man is as old as he is old as 

d as he is.” 

The use of anticoagulants has lessened some- 
‘hat the incidence and severity of chronic 
,enous insufficiency which results from acute 

irombosis of deep veins of the legs. Chronic 
venous insufficiency is, however, of much too 
common occurrence. At the very great risk of 
too much simplification, I may state my belief 
that manufacture of an elastic stocking which 
would provide adequate support, be ‘‘easy on 
the eye,” and comfortable when worn would 
largely or completely remove the need for sur- 
gical treatment of varicose veins, and prevent 
the complications of deep venous thrombosis. 

The antibiotics have made subacute bac- 
terial endocarditis a minor disease in most 
instances although, as stated earlier, the de- 
velopment of severe congestive failure is cause 
for concern. Syphilitic heart disease is gradually 
passing from the scene and the time is not 
far off when it will be as scarce as typhoid 
fever. 

The usefulness of adrenocorticotropic hor- 
mone and cortisone in treatment of acute rheu- 
matic fever needs additional study. Inasmuch 
as the joint and systemic manifestations of 
this disease are of minor importance, the two 
hormones just mentioned will be of great value 
only if they prevent or lessen rheumatic heart 
disease. It appears that they may have this 
elfect, for great benefit already has been dem- 
onstrated in acute rheumatic myocarditis. It 
is to be ardently hoped that preliminary studies 
suggesting prevention of valvular heart disease 
by means of cortisone will be confirmed. There 
seems little doubt that early treatment of strep- 

.coceus infections of the throat will eliminate 
v-ute rheumatic fever in many cases. 

Elucidation of the role of sodium in con- 

stive heart failure, and the purification of 

gitalis, have increased success in the treat- 
ent of congestive heart failure. The mercurial 

‘ureties which are efficient when injected sub- 

taneously have simplified the outpatient and 

me care of patients with congestive heart 
lure. The artificial, extracorporeal kidney 


has proved its value in instances of cessation 
of renal function when, under appropriate cir- 
cumstances, renal function may be re-estab- 
lished after a period during which life ordinarily 
would cease. 

The electrocardiogram, commonly abused 
and unjustly maligned, has proved, as a result 
of precordial exploration in expert hands, to 
be of tremendous value in the diagnosis and 
localization of myocardial infarction. 

Angiocardiography and vasography have 
permitted better understanding of abnormal 
anatomic changes in the heart and blood ves- 
sels. The need in this field is for a substance 
which is highly radiopaque, yet lacking in tox- 
icity, so that arteries and heart may be as 
readily visualized by roentgenologic studies as 
is bone. 

The syndromes of potassium intoxication 
and potassium depletion have been clearly 
demonstrated. 


ADVANCES IN SURGERY 


In the preceding sections of this presenta- 
tion some consideration was given to matters 
such as sympathectomy which might more 
properly be considered under the heading of 
this section. This was done not to detract 
from the contributions of the surgeons, which 
in the aggregate have been of the greatest 
magnitude, but because I was considering what 
tend to be considered as nonsurgical conditions. 

I need mention here, with a brevity which 
greatly minimizes the triumphs of modern sur- 
gery, surgical treatment of coarctation of the 
aorta, patent ductus arteriosus, and certain 
congenital malformations of the heart and great 
vessels. When I add to this illustrious accom- 
plishment the surgical treatment of chronic 
constrictive pericarditis and varicose veins and 
some progress in the treatment of portal hyper- 
tension I cannot help but wonder if the pride 
of surgeons, who have a dynamic approach, is 
not even more justified than commonly it is 
considered to be. Valvulotomy and closure of 
septal defects are being perfected with grati- 
fying rapidity. The surgical treatment of valvu- 
lar heart disease may well become the greatest 
contribution in surgery in the first decade of 
the second half of this century. 
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THE UNSOLVED PROBLEMS 


As I wrote that to which you have so pa- 
tiently listened, I remarked that our greatest 
achievements have been in the field charac- 
terized by rare disease, for such are patent 
ductus arteriosus, the tetralogy of Fallot, sub- 
acute bacterial endocarditis and pheochromo- 
ecytoma, for example. It is equally apparent 
that, from the standpoint of clinical applica- 
tion, the best results have been those of the 
surgeons. I do not minimize the facts that the 
pathologist, the clinician and the physiologist 
have laid the groundwork for the praiseworthy 
results of surgery; in fact, I emphasize them, 
for there may be a lesson in this observation. 
I am sure that we who are internists have not 
enlisted the aid of investigators in fundamental 
fields to the degree desirable. Few internists 
are capable workers in basic fields such as 
chemistry, and few chemists are aware of the 
primary importance of cardiovascular diseases. 
It is unfortunately true that in modern prac- 
tice it is difficult to be an investigator and a 
clinician, even for one who is competent in 
both fields. Custom has dictated that, in large 
part, the investigator must remain in his 
shining laboratory and the clinician in the hos- 
pital. This, as well as the observation that the 
internist cannot solve the problems which re- 
main, being true, the responsibility is clearly 
on the shoulders of the internist to enlist the 
aid of all who might contribute. I wish to 
emphasize the word “enlist,” which I use to 
mean a positive action, quite the opposite from 
the passivity implied by the word “permit.” 
I favor proselytism of chemists, physicists, 
endocrinologists, physiologists and represen- 
tatives of all the basic sciences, to an 
understanding of the urgency of research in 
disease of the heart and blood vessels. It is 
not enough that we, through our allocations 
committee, act favorably on requests for finan- 
cial.support for such research. We must go 
into the laboratories of those equipped to do 
research and persuade them to abandon less 
important matters for those of major impor- 
tance. We, as an organization, have made a 
wise step in the right direction, by establishing 
financial support for career investigators, but 
this is only a beginning; we must actively and 


aggressively feed the fire of research and sup 
port it with adequate funds. The activation of 
such a program would require, in my estima 
tion, efforts equivalent to those annually ex 
pended by any full-time employee of th 
association, as well as the cooperation an:| 
interest of all of us. 

The major problems remaining are numeri- 
‘ally, as well as individually, most important 
They are, in my estimation, intravascular co- 
agulation, hypertension, arteriosclerosis an:| 
rheumatic heart disease. It is a conviction wit) 
me that these problems can be solved. The 
solution would be no more startling than thai 
which has been recorded in one field; namely , 
the almost complete conquest of bacterial dis- 
eases, nor in yet another field, the effect of 
cortisone and ACTH on rheumatoid arthritis. 
So important is fundamental research that | 
would look with concern on the expenditure 
of money and effort on surveys which can prove 
hardly anything more than that the situation 
is about as bad, better or worse than was 
anticipated. This sort of activity deprives 
those whom we wish to help of the prospect 
of aid and accomplishes little more than col- 
lection of statistics which are only figures with- 
out the vitality of progress through research. 
I am concerned that Congress has appropriated 
$2,000,000 for ‘‘heart disease control’ in the 
fiscal year 1950. I have studied carefully the 
program which will result from use of these 
funds; I see little evidence that they will be 
used for scientific research, without which there 
‘an be no substantial progress. I can see little 
justification for allocation of funds to uses such 
as have been forecast unless there has been 
complete saturation of research projects. We 
of this society cannot directly govern the use 
of funds allocated by the federal government 
but we can, through judicious influence, indi- 
cate the most desirable way in which our money 
should be used. The problem requires constant 
vigilance on our part, as individuals, and, more 
specifically, on our part as the American Hear! 
Association. 


SUMMARY 


In the course of this presentation I hope i 
has become evident that the professional lif 
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o! George Brown could well serve as a model 
for the activities of the American Heart Asso- 
cation, which has made astonishing and grati- 
f\ ing progress in a few years. The advances in 


piysiology, anatomy, surgery and medicine, 


a~ related to cardiovascular diseases, are justi- 
fiible reasons for pride. Yet pride in the past 
cm produce no results in the future. Progress 
i the future must be supported by a tripod, 
such as has supported it in the past; one leg 
o! the tripod is zeal, another is utilization of 
skill and knowledge, and another is money. We 
must furnish all three. The unsolved problems 
ure unsolved not only because they are difficult 
but because we have not yet achieved a co- 
ordinated program of investigation. We must 
abandon all feelings of futility and avoid te- 
dium. I can find no logical reason to believe 
that any important cardiovascular disease can- 
not be largely or wholly vanquished. If the 
conquest of these diseases continues at the 
rate which characterized the fifteen years just 
past, within the lifetime of physicians now 


living there will be no cardiovascular disease 
which cannot be prevented or corrected. If we 
remain imbued with untiring resolution to at- 
tack vigorously and with persistent zeal the 
greatest destroyers of health and life in 
America, such a program will be continued. We 
must hold forever before ourselves the truism 
that scientific research is progress. 

Because this is the George Brown Memorial 
Lecture, I may appropriately quote from 
another “Brown,” although spelled Browne, 
Sir Thomas, the author of ‘‘Religio Medici,” 
who, in 1643, wrote as follows: 

“The World which took but six days to 
make, is like to take six thousand to make 
out: meanwhile old Truths voted down begin 
to resume their places, and new ones rise upon 
us... . Men disparage not Antiquity, who pru- 
dently exalt new Enquiries, and make not them 
the Judges of Truth, who were but fellow 
Enquirers of it... . Despise not the obliquities 
of younger ways nor despair of better things 
whereof there is yet no prospect.” 





The American Heart Association as a National 


Voluntary Public Health Agency 


By W. P. SHeparp, M.D., M.A. 


The role of the voluntary health agencies in this country is well understood. Tuberculosis, blind- 
ness, venereal disease, cancer, and other major public health problems have been attacked by them 
with notable success, some for as long as 50 years. There is a well established pattern of coop- 
eration with official health agencies and with organized medicine. 

In its newly added role as a voluntary public health agency, it is important for the American 
Heart Association to understand these principles and patterns that are discussed here briefly with 
special emphasis on partnership with nonmedical community leaders, the relationship with the 
official agencies, including the National Institutes of Health, and on socialized medicine. Good 
public health work by voluntary organizations is a manifest of the concern of the medical pro- 
fession with the health of the public and our first bulwark against compulsory government con- 


trolled medicine. 


’ ! QHE ROLE of the voluntary health agen- 

cies in this country is well understood. 

They have played a unique and valuable 
part in the health progress of the nation, some 
for nearly 50 years. They have attacked tuber- 
culosis, blindness, venereal disease, cancer, and 
other major public health problems with not- 
able success. A pattern of cooperation with 
official health agencies, local and national, has 
been developed which has proved mutually 
advantageous. Good relations with organized 
medicine have prevailed. 

In June 1946, the American Heart Associa- 
tion voted to become a national voluntary 
health agency. It has proceeded to raise funds 
in considerable amounts for that purpose. For 
many years it had been largely a scientific 
group whose major interests were research and 
in-service education of practicing physicians. 
In its newly added role as a public health 
agency, it is important to study and apply the 
time tested principles which have made the 
other great voluntary health agencies so suc- 
cessful. We may thus avoid mistakes, organiza- 
tional and administrative, and meet more 
promptly the public trust bestowed by our 
millions of new donors. The purpose of this 
discussion is to help speed the stated objectives 
of the American Hezrt Association and to help 
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us profit from the lessons often learned the 
hard way by our older colleagues in the vol- 
untary public health field. 


Role of the Voluntary Health Agency 


The voluntary health agency stems from a 
fundamental philosophy characteristic of this 
nation; namely, to help those in trouble. It 
is an important type of philanthropy “and is as 
inalterably woven into the fabric of American 
life as freedom of speech and religious liberty. 
These freedoms are established by law. Amer- 
ican philanthropy is established by tradition— 
by the free and generous spirit of our people. 

“Democracy presupposes a willingness of the 
average citizen to bear his share of responsi- 
bility for the conduct of government. Philan- 
thropy is a test of democracy. It tests the will- 
ingness of our people to bear their share of 
activities through which man expresses his in- 
dividual responsibility for the well-being of his 
fellow man.” 

Briefly, the purpose of the voluntary health 
agency includes the following components: (1) 
to organize to help each other, especially the 
unfortunate; (2) to study health problems com- 
mon to many and devise remedies through re- 
search, experiment and demonstration; (3) to 
sponsor legislation designed to provide per- 
manent remedy of the problem at hand throug’) 
official tax supported health agencies or othey- 
wise; (4) to become guardian of the offici:| 
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i -alth agencies, criticizing, defending, support- 
i) 2, increasing public understanding and seeing 
‘at they do the job right. 


aracteristics Common to All Successful V olun- 
tary Health Agencies 


The following are some of the characteristics 
hich appear to be common to all successful 
oluntary health agencies: (1) they are non- 
litical, that is nonpartisan, joining together 
-ith remarkable success members of all political 
ities, members of all religious faiths, people 

' differing social strata, and people of wide- 
»read geographic location. (2) They are guided 
Ly people who are natural leaders in their 
community and generally recognized as such. 
‘They are people of prestige and influence within 
‘heir circle and their community. Their motives 
are unquestioned. No elected official can long 
oppose the principles for which they stand. (3) 
The voluntary health agencies obtain an amaz- 
ing amount of time, skill, and services, given 
generously by these key people in their respec- 
tive communities.? (4) If the agency is success- 
ful, it practically always consists of a partner- 
ship between medical and nonmedical leaders. 


Importance of the Voluntary Health Agencies 


Private contributions from individuals for 
noncapital purposes donated to the health agen- 
cies of the country are well over $100,000,000 
a year. These agencies have been constantly 
increasing in size and numbers as have the 
donations made to them. For example, dona- 
tions for the control of infantile paralysis have 
increased from $1,400,000 to $25,728,000; to 
cancer agencies, from $850,000 to $13,000,000; 
to tuberculosis campaigns, from $3,900,000 to 
$17,000,000.* 

It is estimated that there are in the neigh- 
borhood of 10,000 more or less specially trained 
people employed full time by the voluntary 
health agencies of this nation. There are some- 
where in the neighborhood of 500,000 people 
wo serve as officers or board members of these 
aencies, both national and local, and there are 
somewhere between 5,000,000 and 10,000,000 
p-ople who serve on committees of one sort or 
aiother in behalf of one or more of. the volun- 
tury health agencies. 7 
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This is indeed big business! The American 
Heart Association is the newest of the large 
national voluntary health agencies. It must do 
its job well. 


Items OF CURRENT IMPORTANCE TO THE 
AMERICAN HEART ASSOCIATION 


There would seem to be three items of special 
interest to the American Heart Association at 
this juncture: partnership with lay people, re- 
lationship with the official agencies, and the 
relationship of this type of activity to what is 
commonly called socialized medicine. 


Partnership with Nonmedical Staff and Board 


A close working relationship, a partnership 
in fact as well as in name, between medical 
and nonmedical community leaders is charac- 
teristic of the voluntary health agencies and 
would almost seem a sine qua non. The volun- 
tary health agencies, nationally and locally, 
have usually been started through the initiative 
of farseeing and socially minded physicians. 
This has been true of the National Tuberculosis 
Association, the American Cancer Society, the 
American Diabetes Association, the National 
Committee for Mental Hygiene, the American 
Child Health Association, and others.’ 

Once physicians discern the need for com- 
munity effort of some sort to solve a common 
health problem, they are next confronted with 
the problem of fund raising. Here they in- 
variably need the help of other community 
leaders; and because these leaders help them 
raise funds they have a perfect right to have a 
voice in planning the program. Thus the part- 
nership starts, joint efforts in fund raising and 
joint efforts in planning the program. Before 
long the physicians learn that it is wise for them 
to suggest what to do and to depend on their 
nonmedical partners and their staffs concerning 
how to do it. 

Whatever the relationship may be there can 
be no question about the value of nonmedical 
board members and staffs. The board members 
furnish integrity beyond question, prestige, 
leadership, influence, and sound business judg- 
ment. They are often able to be much more 
generous with their time than are the physi- 
scian and they know much better than phy- 





738 THE AMERICAN HEART ASSOCIATION 


sicians how to interpret medical facts to the 
public, how to obtain public support, and how 
to influence public officials. 

Few physicians are good administrators, 
though strangely enough we nearly all aspire 
to be. Few physicians are good educators, that 
is teachers, though we think we are because the 
nature of our profession makes us an authority 
and thus we seldom escape an authoritarian 
manner. Authoritarianism is not good teach- 
ing as the professional educators well know. 
Few physicians are good community organizers 
or propagandists. Few physicians are good fund 
raisers or understand its intricacies. The phy- 
sicians who specialize in public health work 
are frequently an exception to these rules, but 
they are few and far between. It is estimated 
that there are about 2,000 vacancies for qual- 
ified physicians in public health in the nation 
today. 

By necessity, therefore, we have developed 
a sizable corps of nonmedical administrators 
who play a very important part as staff mem- 
bers in the voluntary as well as the official 
health agencies. The Medical Administrative 
Corps of the Army is well known by those 
physicians who served therein, as are the Hos- 
pital Corps men of the Navy. The United 
States Public Health Service uses a consider- 
able number of these nonmedical administra- 
tors. The National Tuberculosis Association 
has about 1,000 more or less specially trained 
people who serve in the national and the num- 
erous: local offices as executive secretaries, pro- 
gram expediters, statisticians, social workers, 
nurses, accountants, field secretaries, and so 
forth. The other voluntary health agencies 
probably employ another one or two thousand 
such people. 

These staff members are likewise our part- 
ners. They form a professional group in them- 
selves, professional with respect to experience 
and training as well as in their daily activities. 
Their educational qualifications are well recog- 
nized and are published in a pamphlet on that 
subject by the National Tuberculosis Asso- 
ciation. Such qualifications have also been ana- 
lyzed and agreed upon by the American Public 
Health Association and are published in a re- 
port entitled Educational Qualifications of Ex- 


ecutives of Voluntary Health Associations.® 
Briefly, these people are expected to have a 
background education leading to at least the 
bachelor’s degree in which they have majored 
in sociology, psychology, political science, aid 
some of the biologic sciences. They are then 
expected to have postgraduate training to thie 
extent of at least one year in an accredited 
school of public health. Here they learn the 
principles of public health administration, vital 
statistics, health education and community or- 
ganizations, and epidemiology. To be sure, not 
all presently serving have had these academic 
qualifications, but those who have not have 
already qualified by long and successful ex- 
perience in this type of work. 

It would seem extremely important for the 
American Heart Association to adopt a set of 
recommended educational qualifications for the 
executive secretaries of its various local or- 
ganizations as quickly as possible. 

These people are partners, not servants. ‘They 
must be free of the dictatorial attitude so com- 
monly assumed by the physician in hospitals, 
clinics, and with private patients. They are 
engaged with us in a worthy nationwide enter- 
prise in which their skills supplement ours, and 
our knowledge guides them in constructing and 
executing a program which is medically sound. 
Again, I repeat, we guide them in what to do 
and they guide us in how to do it. Their value 
can be seriously impaired by physicians as- 
suming an authoritarian attitude outside their 
own field of competence. 


Relationship with the Official Health Agencies 


Time and experience have shown that the 
voluntary health agency is almost essential to 
the complete success of the official health 
agency. The health department cannot operate 
without public support and understanding. The 
voluntary agency is best equipped to provide 
this public support and understanding. 

The wheels of government move slowly. ‘The 
voluntary agency can be prompt and timely. 
The official health agency needs contact with 
the people to avoid at least some of the evils of 
bureaucracy, and there is no agency to which 
it can turn which is better equipped to kecp 
it in step with public opinion than the volun- 
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tary health agency. Thus the voluntary agen- 
cies, local, state, and national, become valuable 
advisors to the official agency, such as the U.S. 
Piiblie Health Service and its National Heart 
Institute, state health departments and city 
avd county health departments. 

Moreover, the official agency is peculiarly 
h:ndicapped in obtaining funds. The lone voice 
oi the health officer or even of the Surgeon 
General is not enough. It is too often suspected 
by the appropriating body that the official 
director of health has an ax to grind when he 
asks for more money to give him more staff or 
to increase his own importance. The voluntary 
agencies speak for people, both professional 
and lay. They have no ax to grind; they have 
no selfish motives; they make a unique im- 
pression on elected officials for this very reason. 
They speak for the people who need help and 
have facts based on careful studies to support 
their demands. 

They act as a public forum for gathering and 
disseminating facts, coming to an agreement 
on what should be done and obtaining support 
for getting it done. They therefore implement 
the official agency, acting as its supporter, 
critic, guardian, and advisor. 

It has become apparent over the last 50 years 
that the voluntary agency is here to stay in 
our form of democracy, that it will never re- 
place the official health agency, nor will the 
official health agency ever be able to replace 
the voluntary. The two work hand in hand, 
each supporting the other. 


Are We Encouraging Socialized Medicine? 


This is a question which is currently dis- 
turbing many physicians. It arises from a con- 
fusion of terms which is most unfortunate. To 
many, socialized medicine means medical prac- 
tice regulated by Socialists; they regard Social- 
ists in much the same way as they regard 
Communists and they confuse these two with 
the threat of government controlled compulsory 
health insurance. There are great differences 
among all of these. 

\fedicine has always had large social aspects 
an implications. This has been true down 
through the centuries starting with Aescula- 
pis, who was no less than the son of Apollo, 


known and revered for his healing powers. 
From the beginning, those claiming the skill to 
heal lived on a superior social plane and were 
given special privileges, whether priests of a 
well organized religious group or tribal medicine 
men of the aborigines. They sat at the right 
hand of the ruler. No other profession, but per- 
haps religion, has had the respect and priv- 
ileges accorded medicine for this reason. And 
medicine has always responded to the expecta- 
tions of the state from the days of the Temples 
of Cos to the modern charity hospital where all 
may come to be healed. There is no escaping the 
social aspects, implications, and responsibilities 
of medicine. 

Because humanity has always carried the 
burden of pain, illness, bereavement and sor- 
row, it has a right to expect relief from those 
who can help and that such relief be equally 
available to all. Medicine has labored with the 
devotion of a priesthood to make that possible. 

Hence, medicine has always been socialized 
to a considerable extent as we see today in 
charity hospitals and clinics, care for the armed 
forces and its veterans, aid to disaster victims 
and efforts to prevent premature deaths and 
unnecessary illness. In truth these efforts in- 
crease with democracy and are truly democra- 
tic, having nothing to do with socialism or 
communism or government control of the prac- 
tice of medicine. 

With the advent of scientific preventive med- 
icine, the public came to expect preventive serv- 
ices likewise available to all. Many are readily 
available today in the practicing physician’s 
office. But many preventive services hinge on 
controlling hazards in the environment or on 
educating the individual to do something at the 
appropriate time. Both environmental control 
and educating individuals en masse require 
community effort beyond the scope of the prac- 
ticing physician. He cannot ethically exhort 
the multitudes even on matters so important 
to their health as a safe food and water supply, 
or proper immunization for their children. 

The physician can, however, lend his sup- 
port to voluntary groups of citizens who organ- 
ize for such purposes. And organize they will in 
a democracy, especially in the United States. 
We could not stop them if we would. Here the 
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physician’s guidance is indispensable. Without 
his counsel we might see continuous turmoil 
with organizations devoted to unscientific fal- 
lacies, such as discouraging milk drinking be- 
-ause it causes cancer, swabbing the nasal mem- 
branes with caustic to prevent polio, using 
turtle serum to prevent tuberculosis. It is a 
remarkable tribute to the respect with which 
the public holds the medical profession and to 
the generosity with which the medical pro- 
fession has supported and guided the health 
agencies of this country that we do not have 
more eccentric organizations, such as those who 
would prohibit the use of animals for scientific 
study. 

This is not a new question. Repeatedly over 
the years when a new community health pro- 
gram was started there were some physicians 
who feared it would encroach upon the private 
practice of medicine. The reverse has proved 
true. The great movement for the control of 
tuberculosis has resulted in sending more pa- 
tients to physicians rather than less. Even the 
minifilm case-finding surveys have increased 
the business of roentgenologists. Organized ef- 
forts to control the venereal diseases have in- 
creased rather than decreased the business of 
urologists and syphilogists. The cancer control 
program has brought hundreds of thousands 
of well people, and a few people with early 
cancer, into their doctors’ offices who would 
not otherwise have gone. 

This brings us down to our own problem: 
cardiovascular-renal diseases are killing more 
people than any other group of diseases. The 
public wants something done about it. We 
have encouraged the public to think that some- 
thing can be done about it and have accepted 
their voluntary contributions to show them the 
way. We cannot do it alone as private phy- 
sicians or even through our own medical socie- 
ties. We need the help of the public. That is 
what the American Heart Association set out 
to do in June 1946 when it voted to become a 
voluntary health agency. 

So long as physicians discern the health needs 
of the public and take the initiative in supply- 
ing them through joining with community lead- 
ers as we do in the voluntary health agencies, 
we have little to fear in socialized medicine. 


It has always been socialized to a certain ex- 
tent, and always will be. But the private phy- 
sician need never be brought under govern- 
ment control providing we can maintain a 
truly democratic government, and provid ng 
physicians keep attuned to the health neods 
of the public. Our scientific knowledge is so 
increasingly recognized and so highly respec: ed 
that we shall have no difficulty in being herd 
and our counsel will be heeded as it always jas 
been. 

Is it not really compulsory government-con- 
trolled health insurance that we oppose? If so, 
let us call it that and not socialized medicine. 
If that is our enemy, we would do well to recog- 
nize it clearly so that the aim of our attack 
may not be faulty. Some feel that there has 
been too much jousting at windmills in our 
opposition to government-controlled practice 
of medicine. Some think that we are so fright- 
ened that we see an Indian behind every bush. 
If so, preventive medicine and the voluntary 
health agencies are not Indians and they are 
not behind bushes. They are our strongest 
allies! 

Service to and education of the public 
through health departments and _ voluntary 
health agencies are, in fact, our best answer to 
any demand for free medical care administered 
by the government. They are a bulwark against 
the mounting clamor for free medical care at 
government expense. When supported and led 
by physicians they are a manifest of our sincere 
concern with the health of the public. They are 
a proof positive of our success in giving the 
public the world’s finest health care. Moreover, 
they keep us in touch with public opinion. We 
may know all about the pulse in our patient’s 
body, but we know less than we think we do 
about the pulse of the body politic. 

Our private patients are a highly selected 
group, strongly flavored by the well-to-do. Even 
they in this day of specialization are not as 
firmly attached to us as their parents were to 
the old family physician. Our public patients in 
clinics and hospitals are already recipients of 
free medical care paid for by the tax payer. 
They are often interested in more and bc'ter 
free care to a greater extent than they are 
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interested in helping us escape the bonds of 
bureaucracy. 

We need, therefore, friends and allies in our 
pre-ent struggle and the best of these are the 
health agencies, both official and voluntary. 
Few health officers are in favor of government 
con'rol of the medical profession. They are 
exccllent spokesmen, they command public re- 
spect, they know how to reach the public, and 
they understand the health problems of their 
public as well as the intricacies of the practice 
of medicine. The voluntary health agencies 
through their staffs, officers, and boards of 
directors, are likewise key people in their com- 
munities, natural leaders whose influence and 
prestige will help our cause if we assume our 
rightful place as their partners in endeavors to 
promote the health of the public. 

It would seem wise, therefore, to recognize 
friends and allies. It would certainly be foolish 
to shoot a friend because our vision was too 
blurred to distinguish him from an enemy. 


SUMMARY 

The American Heart Association is prepared 
to become and well on the way to becoming 
an important and valuable national voluntary 
health agency. 

We can avoid the delays and earlier mistakes 
made by our older colleagues if we recognize 
the ingredients which account for their present 
success. Among these are: 

1. A close partnership with nonmedical 
leaders locally and nationally. 

2. Recognition that fund raising, administra- 
tion, community organization and health edu- 
cation are generally beyond the physician’s 
field of competence and that we shall have to 
depend on skilled and well-trained staff for 
these, that such staff should be our partners, 
not our servants. 


3. Early adoption of reasonably high qualifi- 
cations for the education and training of staff 
members. 

4. Acceptance of the fact that the voluntary 
health agencies are here to stay and that they 
will persist in their respective worthy causes 
with or without our help; that they will never 
be replaced by the official health agency and 
that both are essential to each other. 

5. Clarification in our minds of just what we 
oppose in the further socialization of medicine; 
namely, government control of medical prac- 
tice; aiming our attack at that one enemy 
rather than condemning all phases of the social 
aspects of medicine. 

6. Realizing that we have a rightful and 
important place in all voluntary efforts to im- 
prove the health of the public, a place that is 
always open to us and in which our counsel is of 
primary importance. 

7. Welcoming our medical and nonmedical 
colleagues in the public health and preventive 
medicine field as valued and important allies in 
our struggle against bureaucratic government 
control of practice of medicine, by supporting 
them and giving them an opportunity to sup- 
port us. 
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The Action of Cardiac Glycosides on 


Experimental Auricular Flutter 


By ALFRED Faran, M.D. anp T. A. Loomis, M.D. 


The effect of cardiac glycosides on auricular flutter produced by the method of Rosenblueth and 
Garcia Ramos is studied. In the denervated heart these drugs produce an increase in the effective 
refractory period, a decrease in conduction velocity and excitability. The flutter is reverted to a 
sinus rhythm because of the increase in the effective refractory period. In the innervated heart 
these glycosides can change the auricular flutter to auricular fibrillation. This change is mediated 
through the vagus since atropine or cutting the vagi promptly reverts the fibrillation to a sinus 
rhythm. The change from auricular flutter to fibrillation was never observed in vagotomized dogs. 


OSENBLUETH and Garcia Ramos'-* 

have developed a method for the pro- 

duction of a long lasting, self-perpetu- 
ating type of auricular flutter in anesthetized 
dogs. Evidence has been presented by these 
investigators which indicates that this phe- 
nomenon is due to a circus movement traveling 
around a central obstacle.’ 

The action of cardiac glycosides on the heart 
has been extensively studied; little is known, 
however, concerning the action of these drugs 
in auricular flutter. One reason for this has 
been the lack of reliable methods for producing 
this condition in experimental animals. With 
the appearance of the method of Rosenblueth 
and Garcia Ramos it was thought possible to 
elucidate some of the complex events which 
occur in flutter as a result of the administra- 
tion of cardiac glycosides. In the present study 
the effects of three pure glycosides, g-stro- 
phanthin, digitoxin and lanatoside C have been 
studied on experimental auricular flutter in 
dogs produced by the method of Rosenblueth 
and Garcia Ramos. 


METHODS 


All experiments were performed on dogs weighing 
between 6 and 24 kilograms. Anesthesia used was Dial 
urethane* (0.6 to 0.7 cc. per Kg., intraperitoneally) 
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or preliminary Pentothal anesthesia (15 mg. per Kg. 
given intravenously) followed by the infusion of 
chloralose (50 to 60 mg. per Kg.). Auricular flutter 
was produced in 44 dogs. In 30 of these experiments 
the heart was decentralized by vagotomy and re- 
moval of the sympathetic chain bilaterally from the 
stellate to the sixth thoracic sympathetic ganglion 
inclusive. To allow maximum exposure of the right 
side of the auricle the animal was rotated on its 
long axis so that the heart fell towards the left side. 
Small steel electrodes were clipped to the auricle for 
purposes of stimulating and recording electrograms. 
The auricular electrogram and _ electrocardiogram 
were recorded simultaneously on a multichannel 
Grass ink-writing oscillograph. In a number of these 
experiments multiple auricular electrograms were 
recorded from various portions of the auricle. 

In all experiments flutter was initiated by briefly 
stimulating directly the auricle at a rate of 15 to 20 
impulses per second. In 7 experiments this resulted 
in the production of auricular flutter which persisted 
at least 60 to 90 minutes. In all the other experiments 
this procedure resulted in a flutter which reverted 
to a normal sinus rhythm within 15 to 60 seconds. 
In the latter animals a narrow band of auricular 
tissue connecting the superior and inferior vena cava 
was crushed by means of hemostats. Restimulation 
of the auricle resulted in a stable auricular flutter. 

Arterial blood pressure was recorded by means of 
a mercury manometer connected to the femoral or 
common carotid artery. Pulse rates were recorded 
in seven experiments by means of a bellows. type of 
arterial manometer. 

The maximal rate of stimulation was determined 
on dogs weighing 6.5 to 17.6 Kg. and anesthetized 
with Dial urethane (0.6 to 0.7 ec. per Kg. given 
intraperitoneally). Under artificial respiration the 
chest was opened by means of a midline incision 
and the heart was cradled in the opened pericardial 
sac. Stimulating and recording electrodes consisting 
of small steel clips were attached to the auricular 
tissue. The impulse as well as the action potentials 
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‘ auricular and ventricular muscle were recorded 
the oscillograph. A monophasic square wave 
st:mulus of known intensity, duration and frequency 
is used. To minimize the shock artefact the 
st mulating electrodes were placed at right angles to 
recording electrodes. Another procedure em- 
ved was the use of a statically shielded trans- 
fo mer and a separate secondary winding with an 
adjustable balanced ground connected to the ampli- 
icy ground. The maximum rate the auricle would 
follow was determined at voltages varying between 
1 to 20 volts. Following two or three control obser- 
vations the drug to be studied was given intra- 
yenously and 15 to 90 minutes later the maximum 
rate was redetermined. 

The cardiac glycosides employed were g-stro- 
phanthin, digitoxin* and lanatoside C.* Stock solu- 
tions, containing 2 to 5 mg. per cc. were prepared 
in 95 per cent ethanol and used as such. All injections 
were given intravenously either into a femoral vein 
or directly into the superior vena cava. The volume 
of ethanol injected did not exceed 0.15 ec. per Kg. 


RESULTS 

Kor purposes of convenience the results ob- 
tained will be divided into two groups, namely 
(a) results obtained in the decentralized heart 
and (b) those obtained in the innervated heart. 

Decentralized heart. In these experiments 
both vagal and sympathetic supply was cut. 
In 29 out of 32 experiments repeated stimula- 
tion of the auricles previous to the production 
of the crush injury did not result in a long 
lasting flutter. Following the crush, restimula- 
tion resulted in a long lasting type of flutter 
similar to that observed by Rosenblueth and 
Garcia Ramos.' In 3 animals weighing 19, 21 
and 24 Kg. with hearts weighing 140, 158 and 
162 Gm., respectively, flutter was initiated 
before the crush lesion was made. The results 
from these three experiments were qualitatively 
similar to those observed in the crushed prep- 
arations and the results have been combined 
with the above experiments. Control observa- 
tious Were made for 40 to 80 minutes before the 
drug to be studied was administered. Following 
the administration of the drug continuous 
records were obtained until there was a re- 
version to a sinus rhythm or the auricular rate 
hac’ been stabilized at a new level. The control 
auricular flutter rate varied between 330 and 


* Kindly supplied by the Sandoz Pharmaceutical 
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560 beats per minute. The ventricular rate was 
usually half that of the auricle. Blood pressure 
varied between 80 and 110 mm. of mercury. 
In 4 out of 7 experiments the pulse rate was 
slower than the ventricular rate, the pulse 
deficit being 30 to 90 beats per minute. Figure 
1 illustrates the characteristic response to the 
administration of a cardiac glycoside. In this 
instance 0.045 mg. per Kg. of g-strophanthin 
produced a reduction in the auricular flutter 
rate from 420 to about 340 beats per minute 
before reversion to sinus rhythm occurred. The 
decrease in ventricular rate was proportional 


HATE PER MINUTE 


20 24 28 32 36 MINUTES 


Fig. 1. The action of g-strophanthin on auricular, 
ventricular and pulse rate during auricular flutter. 
Male dog, 13.2 Kg. Anesthesia Dial urethane. De- 
nervated heart. Crush between superior and inferior 
vena cava. At A, 0.03 mg. per Kg. g-strophanthin 
given intravenously; at B, 0.015 mg. per Kg. g-stro- 
phanthin given intravenously; at R, reversion to 
normal sinus rhythm; at S, stimulation of the auricle 
at 20 impulses per second for 5 seconds. 

@—e Auricular flutter rate. O—O Ventricular 
rate. @—@ Pulge rate. O—O Sinus rate. 


to the decrease in auricular rate. The pulse 
rate gradually increased until the pulse deficit 
disappeared. Following reversion to sinus 
rhythm attempts to restart the flutter by re- 
peated auricular stimulation were unsuccessful 
(figure 1). In general, qualitatively similar re- 
sults were obtained with digitoxin, lanatoside 
C and g-strophanthin (table 1). Control in- 
jections of ethyl alcohol in a dosage of 0.2 to 
0.3 ec. per Kg. did not appreciably or consist- 
ently change the auricular or ventricular rate 
during auricular flutter. 

There was no correlation of the percentage 
reduction in auricular flutter rate at the time 
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of reversion to sinus rhythm with the control 
rate of flutter. In some of the experiments 
there was a change of only 8 per cent and in 
another a 39 per cent change in rate was 
necessary before reversion to sinus rhythm oc- 
curred. Table 1 summarizes the data obtained 
in the 32 experiments considered in this report. 

Quantitative differences between the various 
glycosides were observed. The dosage necessary 
for reversion to a sinus rhythm was lowest for 
g-strophanthin, highest for digitoxin and inter- 
mediate for lanatoside C (table 1). The same 
sequence of effectiveness has been observed 
regarding the toxicity or therapeutic efficacy of 
these glycosides. When the dosage is expressed 


toxin is the slowest. This sequence in speed of 
action has been demonstrated for other phar- 
macologic effects of these glycosides.*-* 
Determination of the Maximum Rate. The 
method employed is an adaptation of the one 
employed by Dawes in the isolated auricle of 
the rabbit.” In our experiments the maximum 
rate of stimulation which the in situ auricle 
will follow was determined. The heart wis 
denervated and recording and stimulating cli}s 
were applied to the auricle. The maximum rate 
was determined at progressively increasing 
voltages. Following two to three control obscr- 
vations the glycoside was administered aid 
15 to 90 minutes later the maximum rate was 


TABLE 1.—The Action of Cardiac Glycosides on Auricular Flutter in the Denervated Heart of the Anesthetize: 
Open-Chested Dog 


Dosage 
nee Number 


oe of Experi- | 


-. | Per Cent of ments 
mg. per Kg. | Lethal Dose 


g-Strophanthin 0.09 90 
0.06 60 
0.045 45 
0.03 30 
0.02 20 
Lanatoside C 0.16 80 
0.08 40 
0.05 25 
Digitoxin 0.3 100 
0.15 | 50 
0.1 30 
0.06 20 


KS Won We WwW Wb bo 


wd tb 


as a percentage of the lethal dose it is apparent 
from table 1 that, for all three compounds 
studied, about 30 to 45 per cent of the lethal 
dose caused the flutter to revert to a sinus 
rhythm. This ratio may still be within the 
therapeutic range since, for the production of 
cardiac irregularities, approximately 60 per cent 
of the lethal dose has to be administered.® 
There are distinct differences in the speed of 
action of these glycosides. The differences are 
associated with dosage as well as the type of 
glycoside used. The higher the dosage the more 
rapidly maximum effects are attained (table 1). 
Furthermore, comparing biologically equivalent 
amounts of these three glycosides, it is apparent 
that strophanthin acts most rapidly while digi- 


Average 


C ! 
Percentage Reduction in 
Auricular Rate 


Number | 


Reverting o— for 
to a Sinus sie ata 


Rhythm Effect 


Maximum Minimum 


min, 
22 30 .75 + 0.4 
i7 19 2 |} 6.0 +1 
25 32 3/% | $8.2 41.5 
14 20 2/ 4 +1.1 
9. 3.1 +3 
22 35 2) 4 + 0.5 
23 9 | 5/5 |12.5 +3 
13 ; e | /§ 18.0 +4 
8 — 14. 

13 19.5 +3 
27 i: a 25.5 +8 
13 19 | 33.8 +6 








redetermined. Twelve experiments of this type 
were conducted and the results were qualita- 
tively consistent. A sufficient quantity of the 
glycoside always reduced the maximum rate of 
stimulation the auricle would follow. Figure 2 
is representative of these experiments. It can 
be seen that 0.06 and 0.12 mg. of lanatoside C 
per Kg., given intravenously, reduced the maxi- 
mum rate, by about 25 and 55 per cent respec- 
tively. In figure 3 the data obtained with g- 
strophanthin in 18 determinations on 6 dogs 
have been summarized. There is a direct re- 
lationship between the dosage of g-strophanthin 
and the percentage reduction in maximum ra'°. 
Figure 2 also shows that the injection of lan i- 
toside C resulted in an increase in the voltaye 
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necessary to produce stimulation of the auricle, 
esoecially at the higher rates of stimulation. 
Tis change indicates a decrease in the excita- 
bility of this tissue. Similar results have been 
ol tained with digitoxin and g-strophanthin. In 
ty o of the above experiments auricular flutter 
w.s produced following the determination of 
the maximum rate. Administration of digitoxin 
or g-strophanthin in a dosage of 0.1 and 0.045 
mz. per Kg., respectively, resulted in a re- 
version of the flutter to a sinus rhythm. Fol- 
lowing this reversion the maximum rate was 
redetermined and in the digitoxin experiment 
the maximum rate was reduced 18 per cent 


0 S 10 15 VOLTS 


FiG. 2. The action of lanatoside C on the maxi- 
mum rate of the auricle in situ. Male dog, 7.8 Kg. 
Anesthesia Dial urethane. Denervated heart. 

e@—e Control determination of the maximum 
rate. O—O The maximum rate following 0.06 mg. 
per Kg. of lanatoside C intravenously. ®@—@ The 
maximum rate following an additional 0.06 mg. per 
Kg. of lanatoside C. 


while in the g-strophanthin experiment this 
decrease was 15 per cent. 

Results in the Innervated Heart. Twelve ex- 
periments were conducted with innervated 
hearts. In six experiments persistent auricular 
flutter was initiated in the normal auricle. In 
six experiments persistent auricular flutter was 
iniliated following the production of the crush 
injury between superior and inferior vena cava. 
In these latter experiments the administration 
of lanatoside C or g-strophanthin produced 
resiilts similar to those seen in the denervated 
he: rts. The number of experiments is not suffi- 
cie\t to allow any conclusions concerning the 
est: blishment of quantitative differences be- 
twcen innervated and denervated hearts. 


In 6 dogs auricular flutter was started in the 
intact (without crush) innervated auricle. All 
of these animals weighed over 16.5 Kg. and 
the heart weights exceeded 130 grams. Follow- 
ing control periods lasting 40 to 60 minutes 
lanatoside C in a dose of 0.06 to 0.1 mg. per 
Kg. was given by vein. In five out of six of these 
experiments the injection of lanatoside resulted 
in a primary reduction in auricular rate which 
was then followed by a sudden increase in 
rate (figs. 4 and 5). This increase in rate in all 
instances exceeded 800 beats per minute. Elec- 
trograms indicated marked irregularity in both 
the rate and configuration of those impulses. 


60 


PER CENT 
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Fig. 3. The relation of dosage’of g-strophanthin 
to the per cent reduction in maximum rate. De- 
centralized hearts. Full circles are averages and 
maximum and minimum values are indicated in the 
graph. Determinations were made on 6 dogs. Each 
point is the average of two to five individual deter- 
minations. Abscissa: dosage of g-strophanthin in 
micrograms per Kg. given intravenously. Ordinate: 
the percentage reduction in maximum rate. 


Multiple recordings made from various portions 
of the auricle indicated that some of the 
impulses were transmitted for only a short 
distance and then disappeared. This was in 
contrast to the observations made during au- 
ricular flutter where an impulse traveled along 
the total length of the auricle. These rapid and 
irregular action potentials observed are desig- 
nated as auricular fibrillation in contrast to 
the slower and more regular ones which are 
called auricular flutter. 

The condition of auricular fibrillation oc- 
curred within 4 to 18 minutes following the 
administration of lanatoside C. The dosages 
administered varied between 0.8 and 0.12 mg. 
per Kg. In one of the experiments following 
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the administration of 0.12 mg. of lanatoside C 
per Kg. the condition of fibrillation lasted for 
about 5 minutes and then suddenly reverted 


rr 


| 
| 


AURICULAR RATE 


MINUTES 


Fic. 4. The effect of lanatoside C on auricular 
flutter in the innervated heart. Flutter was initiated 
without crushing the auricular tissue. Female dog, 
21.5 Kg. Chloralose anesthesia. At A, 0.08 mg. per 
Kg. of lanatoside C was given intravenously; at B, 
0.1 mg. per Kg. of atropine sulfate was given intra- 
venously; at S, stimulation of the auricle at 20 im- 
pulses per second for 5 seconds. 

@—e@ Auricular flutter rate. O—© Sinus rate 
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Fic. 5. The effect of lanatoside C followed by 
vagal cutting on auricular flutter. Electrograms 
taken from the auricle and ventricle. Upper record, 
auricular electrograms; lower record, ventricular 
electrograms. 

A, Control record during episode of auricular 
flutter; B, nine minutes after the administration of 
0.12 mg. per Kg. of lanatoside C; C, seven minutes 
after B; D, six minutes after C. At 1 the left vagus 
was cut. At 2 the right vagus was cut. 


spontaneously to a normal rhythm. Attempts 
to restart the auricular flutter by repeated 
stimulation were unsuccessful. In the four other 


experiments the fibrillation was observed for 
12 to 36 minutes. In three of these experiments 
the injection of 0.1 mg. per Kg. of atropine 
sulfate resulted in a prompt reversion of ‘he 
fibrillation to a normal sinus rhythm (fig. 
Control experiments conducted with the same 
amounts of atropine in auricular flutter pro- 
duced negligible changes in the flutter rate 
(three experiments). In two other experiments 
the auricular fibrillation following lanatoside (C 
administration could be stopped by cutting 
both the vagi (fig. 5). Attempts to restart the 
flutter by repeated stimulation of the auricle 
were unsuccessful in both the atropine and the 
vagotomy experiments. 

The above results clearly implicated a vagal 
mechanism in the change of flutter to fibrilla- 
tion. A similar change can be produced by 
stimulation of the vagi or by the intravenous 
injection (15.0 gamma per Kg.) or infusions of 
acetylcholine (10 gamma per Kg. per minute) 
or by injection of physostigmine (0.5 mg. per 
Kg.). The observation has been made that if a 
crush exists between the superior and inferior 
vena cava the vagal stimulation either electri- 
cally or pharmacologically has to be stronger 
to convert the flutter to fibrillation. This is a 
possible reason why cardiac glycosides did not 
produce a change from flutter to fibrillation in 
the crushed but innervated auricle. 


DiIscussION 


Methodical differences in the production of 
auricular flutter may conceivably result in dif- 
ferent pharmacologic responses to various 
drugs. The method used in the present study 
was the one studied extensively by Rosenblueth 
and Garcia Ramos.'~* These investigators have 
presented good evidence that this type of flutter 
is a circus movement. Prinzmetal and asso- 
ciates* and Sherf and Terranova’ have studied 
aconite-produced auricular flutter and fibrilla- 
tion and these investigators have presented 
convincing evidence that aconite-induced flut- 
ter and fibrillation are due to a rapidly ‘lis- 
charging focus. The essential facts presented 
by Rosenblueth and Garcia Ramos have been 
confirmed in this laboratory. It is thus poss'ble 
that, in the dog at least, two causes of flu‘ter 
have been demonstrated: one type being 
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cicus movement, the other being a rapidly 
discharging focus. The present study with digi- 
talis glycosides concerns itself only with the 
civeus type of flutter produced by the method 
of Rosenblueth and Garcia Ramos.’ A con- 
sistent change observed has been the decrease 
in auricular flutter rate. Within certain limits 
the percentage decrease in flutter rate is pro- 
portional to the dose of the glycoside adminis- 
tered (table 1). Reversion to a sinus rhythm 
was consistently seen in all the denervated 
hearts when a sufficient amount of glycoside 
was administered. The percentage reduction in 
flutter rate at the time of reversion to sinus 
rhythm varied between 8 and 39 per cent. There 
was no consistent relation between reversal to 
sinus rhythm and percentage change in flutter 
rate. In the individual experiment the length 
of the path in flutter produced by the method 
of Rosenblueth and Garcia Ramos is constant. 
Thus a progressive decrease in auricular flutter 
rate represents a proportional decrease in auri- 
cular conduction velocity. Theoretic considera- 
tions by Lewis!'® and Wiener and Rosenblueth" 
show that such a decrease in conduction ve- 
locity by itself would not result in a reversion 
to sinus rhythm but rather would tend to 
perpetuate the auricular flutter. Reversion from 
circus movement to sinus rhythm indicates that 
the circus wave met with refractory tissue. This 
could be caused either by the entrance of ec- 
topic beats or by a lengthening of refractory 
period proportionately greater than the de- 
crease in conduction velocity. In none of the 
experiments have we observed the appearance 
of ectopic beats at the time of reversion to 
sinus rhythm and thus the former possibility is 
excluded. Lengthening of the effective refrac- 
tory period of the auricle by strophanthin has 
been demonstrated by Lewis and Drury and 
Iliescu? and in the present study we have 
observed a definite and consistent decrease in 
the maximum rate of the auricle following the 
administration of sufficient amounts of the gly- 
co-ides studied. Maximum rate changes are 
closely related to changes in effective refractory 
period which is the time before the muscle will 
agin transmit a propagated impulse to any 
distance.’ The lengthening of the effective re- 
fractory period by antifibrillating agents is thus 


of importance in the reversion of flutter to a 
normal sinus rhythm by these drugs. In our 
experiments maximum rate was decreased 
about 15 to 25 per cent by amounts of cardiac 
glycosides which restored a sinus rhythm in 
auricular flutter. The decrease in ventricular 
rate always followed the administration of the 
glycosides. In most instances the decrease in 
ventricular rate was proportional to the de- 
crease in auricular rate. With quinidine and 
procaine a decrease in auricular flutter rate may 
be accompanied by a relative or absolute in- 
crease in ventricular rate.*: !® This is probably 
due to the fact that at slower auricular rates 
the ratio of ventricular to auricular beats is 
increased.'* With the cardiac glycosides studied 
there was always an absolute change but no 
relative change in ventricular rate. This dif- 
ference between cardiac glycosides and quini- 
dine may be due to the well known effects of 
the former compounds on auriculoventricular 
conduction. 

In the innervated heart the cardiac glycosides 
studied may change the flutter to auricular 
fibrillation. This has been observed only in 
dogs weighing more than 16 Kg. and where 
flutter could be initiated without a crush in- 
jury. In all the experiments so far observed 
auricular fibrillation produced by cardiac gly- 
cosides could be abruptly stopped by vagal 
cutting or blockade with atropine. The change 
of flutter to fibrillation can be produced by 
electrical or pharmacologic stimulation of the 
vagus. The conclusion to be drawn is that at 
least in the dog a change from flutter to fibrilla- 
tion is mediated through the vagus. The well 
known vagal effects of the cardiac glycosides 
may conceivably be the cause of this change. 
Lewis, Drury and Bulger” have shown that 
vagal stimulation decreases the refractory 
period and at high rates of stimulation increase 
the conduction velocity in the auricle. Similar 
conclusions can be drawn from the results of 
Garcia Ramos and Rosenblueth.'* The cardiac 
glycosides produce direct actions on the auricle 
which tend to stop the flutter (by an increase 
in the effective refractory period) as well as 
reflex vagal actions which tend to perpetuate 
the flutter or even change it to a fibrillation. 
In the present study we have been able to 
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demonstrate a dual effect of cardiac glycosides 
on auricular flutter in the dog. Whether similar 
mechanisms are operative in man has not been 
established and must await clinical experimen- 
tation. Furthermore, the effects of cardiac gly- 
cosides may be different in those types of 
flutter and fibrillation produced by rapid focal 
discharges. 


SUMMARY 


The action of g-strophanthin, digitoxin and 
lanatoside C was studied on auricular flutter 
produced in dogs by the method of Rosen- 
blueth and Garcia Ramos. 

In the denervated heart these glycosides pro- 
duce a decrease in auricular flutter rate and in 
sufficient amounts revert the flutter to a normal 
sinus rhythm. The decrease in auricular flutter 
rate is probably due to a decrease in auricular 
conduction velocity. A second effect of these 
glycosides that has been demonstrated is a 
decrease in the maximum rate the auricle will 
follow. This decrease in maximum rate is prob- 
ably due to an increase in the effective refrac- 
tory period and is a possible cause for the 
reversion to sinus rhythm produced by these 
glycosides. 

In the innervated heart the observation has 
been made that lanatoside C will change auri- 
cular flutter to fibrillation. This change is 
mediated through the vagus nerve since atro- 
pine or vagal cutting will revert the auricular 
fibrillation to a sinus rhythm. 

It is concluded that in the dog the direct 
action of cardiac glycosides on the auricle tend 
to increase the refractoriness and decrease the 
conduction velocity of auricular muscle while 
the reflex vagal action of these glycosides tends 
to decrease the refractory period and increase 
the conduction velocity in this tissue. The net 
effects on the innervated fluttering auricle are 
thus dependent on the magnitude of either one 
of these actions. 
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The Renal Excretion of Digitoxin in the Nor- 
mal Subject after Single and Continuous 
Administration of the Drug 


By Meyer FriepMan, M.D., René Bring, Jr., M.D., SAnrorp O. Byers, Pu.D., 
AND CATHERINE BLAND, A.B. 


By employing the embryonic duck heart method to assay digitoxin quantitatively in extracts of 
human urine, it was found that, contrary to previous opinion, a large percentage of ingested or in- 
injected digitoxin is excreted via the kidney in a physiologically active state. Approximately 40 
per cent of a digitalizing dose (1.2 mg.) is excreted over a period of 12 to 24 days. The average 
rate of renal excretion in theoretically digitalized normal young individuals was found to vary from 
30 to 50 wg. of digitoxin per day, while those showing signs or symptoms of overdosage excreted 


significantly greater amounts of digitoxin. 


T HAS BEEN impossible heretofore to 

measure quantitatively the renal excretion 

of any digitalis glycoside after its adminis- 
tration to man. Hatcher and Eggleston,' in 
1919, attempted by means of an_ indirect 
measurement to determine the renal excretion 
of ouabain, amorphous strophanthin and digi- 
toxin in the rat and cat after the administration 
of tremendous amounts of the various gly- 
ecosides. They concluded that relatively little of 
any glycoside studied was excreted in the urine 
after its oral administration. Clinically, it has 
been assumed that a person of average weight 
either destroys or excretes in some manner 
0.1 to 0.2 Gm. of digitalis or 0.1 to 0.2 mg. of 
digitoxin per day. 

tecently, employing the embryonic duck 
heart method,? we were able to determine the 
renal excretion of digitoxin in the rat.’ It was 
found that less than 5 per cent of a parenterally 
administered dose of digitoxin was excreted by 
th: kidney within 24 hours after its administra- 
tion. None could be found in the urine after 
the first 24 hours. Preliminary studies on 
min,‘: ® however, indicated that digitoxin was 
no! only present in the first day’s urine, but 


‘rom the Mount Zion Hospital, Harold Brunn 
Institute for Cardiovascular Research, San Fran- 
cisco, Calif. 

.ided by grants from the Life Insurance Medical 
Research Fund, the United States Public Health 
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also in later collections. This suggested that the 
excretion of digitoxin in man differed quanti- 
tatively from that observed in the rat. In the 
present report quantitative studies were made 
concerning the extent and duration of renal 
excretion in normal individuals after various 
modes of administration. 


METHODS 


In order to determine the digitoxin content of 
human urine, chemical extraction of a fixed quantity 
(200 ec.) of a total daily urine volume was done. 
The final extract was dissolved in Tyrode’s solution 
and at least six embryonic duck hearts were added 
to this solution. The average time at which the 
“digitalis effect’? occurred in the hearts was noted 
and, by comparison with values obtained from the 
series of standards previously prepared, the amount 
of digitoxin was calculated. The full details of the 
method of chemical extraction of the urine and 
preparation of the standards can be found in a 
previous communication.* 

Urine collections were made on all subjects im- 
mediately after digitoxin (Crystodigin, Lilly) had 
been given. Doses of 1.2 mg. of digitoxin were given 
(either orally or intravenously) over a period of 
six hours (0.4 mg. every three hours), but amounts 
smaller than 1.2 mg. were given at one administra- 
tion, It is important to point out that none of the 
subjects had ingested either quinidine or a barbi- 
turate for at least 48 hours prior to the administra- 
tion of digitoxin. The ingestion of either of these 
substances sometimes was found to make the urine 
unsuitable for assay by our method. 

In the study of the extent and duration of ex- 
cretion of digitoxin, urine collections were made 
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TaBLeE 1.—The Renal Excretion of Digitoxin in 
Normal Young Subjects after Oral Administration of 
Various Amounts of the Drug (First 24 Hours). 


: | Per Cent 
Dig. Total | 
Subject Age| Wt. | = Given ; of Oral 


ig. 
: - Dos 
per Kg. | Excreted ened 


Subjects Given 1.2 Mg. of Digitoxin 

p. | cc. ug. mg. 
M. F. 39 | 73 |1450) 16.4 44 
M. F.t 39 3 |1290; 16.4 39 
S. B. 31 3 1720) 16.4 86 
S. B.f 31 1640, 16.4 98 
mn; B. 34 | 86 |1040) 13.9 52 
F. M. 35 3 |2000) 16.4 60 
F. M.t+ 35 3 |2200) 16.4 4d 
S. L. 27 «68 (1035 17.6 37 
M.S. (F) | 24 | 52 |1700} 23.2 102 
M. G. (F) | 22 | 61 |1560) 19.7 78 
. (F) | 37 | 49 | 735) 24.5 51 

30 2300| 16.2 51 

21 | 64 |1975) 18.8 59 

17 5 |1440) 21.8 43 
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1578 18.2 60 
Subjects Given €.8 Mg. of Digitoxin 


31 73 (2140 ; 32 

; 21 | 64/1560) 12. 31 

*, M. 35 73 1020 . 10 
H. H. (F) | 29 | 62 |1670| 12.5 32 
M. G. (F) | 22 | 61 | 990) 13. 20 
E. W. (F) | 30. 54 |1040 8 25 


Average. . 28 65 1403 12. 27 
Subjects Given 0.6 Mg. of Digitoxin 


S. B. 31 | 73 |1680, 8.3 
H.H. (F) | 29 | 62 |1700' ‘9. 
M. G. (F) | 22 | 61 (1450, 9. 
E. B. (F) | 26 | 65 |1050) 9.: 


Average. . 27 | 65 1470) 9.2 


wm! enw 
NN oor 


— 


Subjects Given 0.4 Mg. of Digitoxin 


OC; Dp. 41 77 1210 5. 24 6.0 
kK. W. 38 | 94 2595 3 26 6.5 
M. F. 39 | 73 1190) 5. 12 3.0 
S. B. 31 73 |1400 9.5 14 3.5 
E. 8. 21 | 64 1280 de 13 3.3 
P. N. (F) | 21 | 56 | 980 2 15 3.8 





Average....| 32 | 73 (1443 . 17 4.4 
Subjects Given 0.2 Mg. of Digitoxin 
H. B. 40 | 82 1425 3 


2. 
V.S. (F) 32 | 59 |1200; 3. 
3. 
3. 


4 14 
; 4 12 
P.N.(F) | 21 | 56/1040; 3.6 10 
S. K. 30 | 74 | 880; 3.7 9 
3 


Average....| 31 | 68 1136 3. 


11 
* 24-hour urine volume. 

+ Subject restudied. 

(F)—Female. 


either every three or every six days after the first 
three daily urine collections had been made. 


Renal Excretion of Digitoxin in Young Adults 
after a Single Oral Dose 


After Ingestion of 1.2 mg. of Digitoxin. Eleven 
young subjects were given 1.2 mg. of digitoxin 
by mouth, their urine collected for 24 hours and 
assayed for digitoxin content. Three of these 
subjects were restudied again approximately 
three months later. Thus, the renal excretion of 
digitoxin was determined fourteen times in 11 
subjects. 

Although the average excretion in these suib- 
jects was found to be 60 ug. of digitoxin in the 
first 24 hours after the ingestion of the 1.2 mg. 
of the drug, inspection of table 1 demonstrates 
that individual rates of excretion varied from 
37 to 102 wg. per day and bore no apparent 
relationship to the volume of urine excreted. 
The average excretion during the first 24 hours 
(see table 1) was approximately 5 per cent of 
the total oral dose. 

After Ingestion of Smaller Amounts of Digi- 
toxin. When 6 subjects were given 0.8 mg. of 
digitoxin, the average renal excretion during 
the first 24 hours (see table 1) was 27 ug. 
(range, 10 to 30 ug.), or approximately 3.4 per 
cent of the amount ingested. 

The average excretion was 21 yg. (range, 
12 to 25 ug.) in 4 subjects given 0.6 mg. of 
digitoxin. Here again, the amount excreted was 
about 3.5 per cent of the amount ingested. 

Six subjects given 0.4 mg. excreted an aver- 
age of 17 ug. (range, 12 to 26 yg.), or 4.4 per 
cent of the dose given, during the first 24 hours 
after ingestion. 

Four subjects given 0.2 mg. excreted 11 yg. 
(range, 9 to 14 wg.) during the first 24 hours 
after ingestion. Even when this relatively small 
amount was given, somewhat over 5 per cent 
of it was excreted. 

Relationship of Amount of Ingested Digitoxin 
per Body Weight to Amount Excreted. When the 
excretion rates of these subjects were charted 
against the amount of digitoxin ingested per 
kilogram (see figure 1), it was observed that in 
general the amount of digitoxin excreted varied 
in the same direction as the amount ingested 
per Kg. of body weight. 
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Renal Excretion of Digitoxin in Elderly Subjects 
after a Single Oral Dose 


len subjects whose average age was 63 years 
range, 51 to 69) were given 1.2 mg. of digi- 
«xin by mouth and the urine excreted during 
.e first 24 hours after ingestion was assayed 
‘or digitoxin content. As table 2 demonstrates, 
ese subjects excreted far less digitoxin than 

ie young adult. In 2 of the subjects no digi- 
toxin could be found in the urine. The average 
excretion of all individuals was 17 yg. (range, 
() to 34 uwg.), or 1.4 per cent of the dose given. 
It is of interest that the maximal amount was 
observed in the urine of W. M. (see table 2) 
who was only 51 vears of age. However, even 
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Fic. 1. Graph illustrates relationship between the 
amount of digitoxin administered per Kg. and the 
amount excreted. 


this amount was less than the urinary content 
of digitoxin of any of the young adults studied. 


Renal Excretion of Digitoxin in Young Adults 
after Intravenous Administration of Digitoxin 


lt has been believed that digitoxin is ab- 
sorbed completely in man when taken orally. 
If this were true, one might expect the renal 
excretion of digitoxin in subjects receiving digi- 
toxin by mouth to be about the same as that 
in subjects receiving the drug by vein. 

In order to determine this point, 6 normal 
subjects were given a total of 1.2 mg. of digi- 
toxin by vein in a period of six hours. Urine 
collections were begun immediately after the 
fist injection and continued for three days. 

"o our surprise, the average excretion 
(43 ug.) during the first 24 hours in these sub- 


jects (see table 3) was 30 per cent less than that 
found in subjects who had ingested the same 
amount of digitoxin. Likewise, the average ex- 
cretion for the first 72 hours was 123 ug., a 
value 26 per cent lower than that found (see 
table 4) in subjects given digitoxin orally. 


TaBLE 2.—Renal Excretion of Digitozrin in Old 
Subjects After Oral Dose of 1.2 Mg. of Digitoxin 


Total 

ee ; U Dig. Digi- 
Subject Age Wt. coast Kg. toxin 
” Given Ex- 

creted 


Per Cent 
Excreted 


ve , ug. in 
Ks. oes = 24 hrs. 


1) DoS. é 69 770 ‘ 22 
2) 3. N.. 64 1000 
3) A. W. if 80 1120 
4) M. 7 55 510 
5) A. 38 59 580 
6) B. A. 5£ 60 1300 
7) C. M. 80 910 
8) B. 96 2490 
9) W. M. 82 1710 
10) 1.8. 8 70 820 


Average fa | TEBE) FES 


* Female subjects. 


TABLE 3.—Renal Excretion of Digitoxin in Normal 
Young Subjects After Intravenous Injection of 1.2 
Mg. of Digitoxin 


Total Digitoxin | 
wv Excreted Per Cent 
Subject ! | Wt. ie Sl " _| Excreted 
Day | Day | Day | Day 
1 2 3 
, pg in 24 hrs. 
73 |1080| 16.5 43 | - 
«| 80 |2340| 15.0 69 | 72 54 
80 | 98C} 15.0 | 20 | 50 | 33 
52 11156 23.0 | 46 | 26 30 
75 | 720} 16.0 | 29 | 11 | 16 
46 | 50 {1240} 24.0 , 50 | 30 


1) W. H. 
2) RoR. 
3) W. W. 
4) M. S.* 
5). 8; C.” 
6) V. S.* 


we ow 


bo 


Average ..| 37 | 68 |1252) 18.3 | 43 | 38 


w 


* Female subjects. 


Although it may be questionable whether the 
difference found is actually significant (in view 
of the individual variations observed in both 
series), there can be no question that intra- 
venous administration of digitoxin does not 
result in a greater renal excretion of digitoxin 
than that found after oral administration. 
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Moreover, the inference is that after a given of digitoxin orally within six hours. The entire 
dose of digitoxin, as much reaches the tissues daily urinary output was collected for 72 hours 
by oral as by intravenous administration. in nine of these subjects. After this time, cach 


TABLE 4.—The Duration and Quantitative Extent of Renal Excretion of Digitoxin in Normal Subjects after 
Single Dose of 1.2 Mg. and (2) an Initial Dose of 1.2 Mg. Followed by 0.1 Mg. per Day 


l)a 


Amount of Digitoxin in Daily Urine (ug.) 

Age = : - — 
Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day Day 
1 2 3 6 9 12 15 18 21 ae | 27 30 33 36 





After Single Dose of 1.2 Mg. 


Kg. 

73 44 60 | 85 | 10 

73 86 68 | 38 | 54 

6 52 | 28) 20) 34 
74 51 30 | — | 13 
73 60 

; 59 

M. S. 4 102 - 

M. G. 2% ) 78 77 | 26 Be 

E. W. 5 3 | 55 | 17 

PsN. — 3 | 3 Zz 23 6 

H. H. 26 ~- 51 | 7 25 16 | 25 

D. M. ; - . —|— 

Ss. ‘ — = 


UNG eo wuk swiss ssocs i j : 26 6 
After Initial Dose of 1.2 Mg. and 0.1 Mg. per Day 
73 44 56 46 | 47 14 11 
73 98 80 | 69 | 71 2 68 
74 ol 50 | 73 | 52 23 30 
73 44 72 | 58 37 35 
59 32 | 42 | 55 — 72 | 
51 42 | 64 | 43 85 — 
43 | 30 | 36 | 66 35 45 


Average |; 56) 56 57 | 56 39 44 


* Patient exhibited signs of digitoxin overdosage on the day of this collection. 


Duration and Extent of Renal Excretion of Digi- subject collected urine for 24 hours every three 
toxin in Young Adults after a Single Dose of days until the last two collections became de- 
Digitoxin void of detectable digitoxin. 


The preceding observations indicated that Considerable amounts of digitoxin continued 
the young adult excreted within 24 hours ap- to be excreted by the subjects (see table 4 and 
proximately 3 to 5 per cent of orally adminis- figure 2). The average excretion the first day 
tered digitoxin. This rate of excretion was, of was 63 yg. (range, 43 to 102); the second day 
course, minimal and similar to that found in it was 56 yg. (range, 28 to 77); and on the 
the rat during the first 24 hours.* However, third day it was 47 yg. (range, 19 to 77). In 
there was a strong possibility that human sub- other words, approximately 14 per cent of ihe 
jects continued to excrete digitoxin even after ingested dose was excreted by the kidney during 
24 hours. the first 72 hours. Excretion continued at .n 

Accordingly, 13 subjects were given 1.2 mg. average of 24 ug. and 26 ug. per day on tie 
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sith and ninth day, respectively, after inges- 
tion. By the twelfth day, the urine of one of 
the 9 subjects was devoid of digitoxin. By the 
fii‘eenth day, 3 of the 9 patients ceased ex- 
c: ting digitoxin and 5 ceased by the eighteenth 
d.y. Only one of the 9 patients was found to 
be exereting digitoxin on the twenty-fourth 
d:.y. Exeretion stopped on the twenty-seventh 
day. Thus, from the above data it would appear 
that most subjects cease to excrete digitoxin 
somewhere between 15 and 21 days after the 
ingestion of an average “digitalizing dose” 
(1.2 mg.). 

in an effort to determine whether subjects 
still contained parenteral digitoxin despite ces- 
sation of renal excretion, 4 of these subjects 
were given a second dose of 0.2 mg. of digi- 
toxin after their urine finally became devoid of 
the drug. In each case the amount of digitoxin 
found in the urine collected for 24 hours after 
the second dose was about the same (10 to 
14 ug.) as could be expected in a subject who 
had taken 0.2 ug. of the drug for the first time. 
In other words, these subjects appeared to be 
devoid of parenteral digitoxin at about the same 
time as the urine also was devoid of it. 

By multiplication of the means of the ex- 
cretions of two successive intervals after 72 
hours by the number of days between the 
intervals, one can obtain an approximation of 
the amount of digitoxin excreted during each 
interval. When these amounts are added to the 
known amount excreted for the first 72 hours, 
the total amount of excreted digitoxin can be 
approximated. By this method of calculation, 
our subjects excreted within 21 days an average 
of 500 wg., or approximately 42 per cent of the 
total amount given. 


Renal Excretion of Digitoxin in Young Adults 
after a “Digitalizing’” Dose of 1.2 mg. and 
\laintenance Dose of 0.1 mg. per Day 


Seven young subjects were given 1.2 mg. of 
ivitoxin and then given 0.1 mg. each subse- 
int day. Urine collections were made exactly 
outlined above, except that they were con- 
inued for 36 days. 
?erhaps no significant difference in renal ex- 
cr‘iion during the first 72 hours was observed 
in (hese subjects as compared with those who 


had received only a single dose of 1.2 mg. 
(see table 4). However, the urine collected on 
the sixth day from the individuals on a main- 
tenance dose exhibited much more digitoxin 
(56 wg. per 24 hours) than that found (24 ug.) 
in patients who had received but a single dose 
of 1.2 mg. of digitoxin. The discrepancy (see 
figure 2) becomes even more obvious on the 
twelfth day, at which time the subjects on a 
maintenance dose excrete approximately three 
times as much digitoxin as subjects who had 
received a single dose. 

The subjects on a maintenance dose from the 
twelfth day until the thirty-sixth day (at which 
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Fig. 2. Graph illustrates the different rates of 
excretion of digitoxin after single and after con- 
tinuous administration of digitoxin. 


time the experiment was terminated) exhibited 
a fairly constant loss of digitoxin in the urine, 
excreting an average of 32 to 44 ug. a day. This 
is approximately 32 to 44 per cent of the daily 
dose ingested. These results suggest that the 
so-called state of complete digitalization may 
be characterized by a daily renal excretion of 
approximately 30 to 50 ug. of digitoxin. 


Renal Excretion of Digitoxin in Young Adults 
Exhibiting Toxic Manifestations of Digitoxin 
Overdosage 


Four young subjects were studied who had 
exhibited symptoms (nausea, vomiting, or 
arrhythmia) of digitoxin overdosage. They had 
been given 1.2 mg. initially, and then main- 
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tained on 0.10 to 0.20 mg. a day. Urine was 
collected from them on four different days 
when they were free of symptoms, and also for 
24 hours while they were toxic. Two of the 
individuals exhibited toxicity a second time, 
and urine was collected again during this latter 
period. It was of interest to us that 2 subjects 
exhibited signs of toxicity while receiving only 
0.1 mg. of digitoxin a day. 

These 4 subjects excreted an average of 47 ug. 
of digitoxin a day after the initial period of 72 
hours after ingestion of 1.2 mg. of digitoxin. 


Taste 5.—The Renal Excretion of Digitoxin in 
Normal Young Subjects Suffering from Digitalis 
Toricity. 


Daily Renal Excretion 


. | of Digitoxin -) 
| Mainte- | . we 
Subject nance 


| With | Without 
| Toxic Toxic 
Symptoms* | Symptomst 
mg./day | 
0.20 | ; aa 50 
0.15 | 85 50 
0.10 132 58 
75 | 0.20 7m 
55 0.10 qe (| 44 
55 | 0.10 78 | 44 


Average.......| 28 | 59 | 0.14 86 47 








*Excretion rate obtained during the 24 hour 
period of toxicity. 

+ Average excretion rate determined by assay of 
urine collections obtained on four separate days. 

t Subject restudied on second appearance of 
toxicity. 


During this same period they exhibited no 
signs or symptoms of digitoxin overdosage. 
However, when these subjects became toxic, 
their average renal excretion of digitoxin was 
found (see table 5) to increase to 86 yg. per 
day (range, 72 to 132 wg.). These results suggest 
that excess medication with digitoxin is re- 
flected by an increase in the renal excretion of 
the drug. 


DIscussION 


The data reported herein represents the first 
quantitative estimate of the role of the human 
kidney in the excretion of a typical digitalis 
glycoside (digitoxin). Although it has been be- 
lieved® that this role of the kidney in man has 


been a slight one, our results indicate that at 
least 40 per cent of a ‘“‘digitalizing dose’’ of 
digitoxin is excreted via the kidney in a physio- 
logically active state. No more than 5 per cent 
of a given dose is excreted in the first 24 hours 
but excretion continues over a period whic! 
may last as long as 24 days after ingestion o! 
1.2 mg. of digitoxin. Certainly there are fey 
other drugs known whose presence can be de 
tected in the urine 24 days after the ingestio: 
of a single dose. 

The marked discrepancy found between th: 
rate of excretion in the young and in the ol: 
subject is a phenomenon observed only duriny 
the first 24 hours after ingestion of digitoxin 
We do not know if the elder individual con 
tinues to exhibit a diminished rate of excretion 
after this time and if he does whether such 
diminution in rate results in an extension of the 
total duration of excretion or a decrease in 
total amount of drug finally excreted. We also 
do not know whether the acute retardation in 
excretion represents the effect of age (1) upon 
renal dynamics or (2) upon some other mecha- 
nism within the body concerned with the me- 
tabolism of digitoxin. 

The finding of a smaller amount of digitoxin 
in the urine after intravenous than after oral 
ingestion of digitoxin was rather surprising. 
However, Hatcher and Eggleston! also observed 
that much less digitalis glycoside occurred in 
the urine of rats and cats after intravenous as 
compared with subcutaneous injection. The 
reason for this phenomenon is unknown, but 
the inferential import of this experiment 
strongly supports the clinical assumption that 
parenteral absorption of digitoxin is as great 
after oral as after intravenous administration. 

Subjects maintained on 0.1 mg. of digitoxin 
a day after an initial dose of 1.2 mg. excreted 
approximately 30 to 50 yg. of digitoxin a day 
or 30 to 50 per cent of the daily dose. When 
significantly greater amounts were found in the 
urine at any time after the first three days 
following the initial dose of 1.2 mg. of digi- 
toxin, the subjects almost always exhibited 
symptoms or signs of overdosage. It seems 
quite likely, in the normal individual at lea:', 
that a good state of “‘digitalization” is reflected 
by a daily renal excretion rate of 30 to 50 ug. 
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digitoxin a day. Whether this rate of ex- 
retion can be used as a criterion of adequate 
‘digitalization” in the cardiac patient is now 
Leing investigated. It should be mentioned also 
tat it was found that a young normal adult 
alter an initial dose of 1.2 mg. of digitoxin 
ulmost invariably experienced symptoms of 
toxicity sooner or later if he were maintained 
on 0.2 mg. of digitoxin. 


SUMMARY 


Quantitative measurements were made of the 
renal excretion of digitoxin after both its oral 
and intravenous administration. It was found 
that the young adult excretes within the first 
24 hours approximately 3 to 5 per cent of an 
orally ingested dose. Excretion continued usu- 
ally for 12 to 24 days until approximately 40 
per cent of a single dose was excreted. Elderly 
subjects excreted significantly less digitoxin in 
the first 24 hours following an oral dose. Intra- 
venous administration resulted in a smaller 
amount of renal excretion. 

The average rate of renal excretion in normal 
young adults theoretically ‘‘digitalized” was 


found to vary from about 30 to 50 ug. of digi- 
toxin per day. Subjects exhibiting signs or 


symptoms of overdosage excreted significantly 
greater amounts of digitoxin. 
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An Empiric Approach to the Interpretation of 
the Low Frequency, Critically Damped 
Ballistocardiogram 


By Ricuarp J. Jones, M.D., Anp Norman E. Gouuprer, M.D. 


For the first time, the range of variation in amplitude and temporal relationships of the first four 
waves of the critically damped ballistocardiogram are presented for two groups of normal subjects. 
Characteristic deviations from this range are described in patients with vertical hearts, essential 
hypertension, coarctation of the aorta and aortic insufficiency. The relationship of the cardiac 
position to the first two patterns is reported. Explanation is found for these observations in cur- 


rent ballistocardiographic theory. 


INCE HIS original description of the 

ballistocardiogram, Starr! has directed 

most of his efforts toward improving its 
use as a measure of the cardiac output. While 
his definition of the range of amplitudes to be 
expected in normal subjects has been well out- 
lined by Tanner,’ his classification of abnor- 
malities in form has remained qualitative.’ 
Indeed, as Hamilton and his associates‘ pointed 
out, the vibration of the undamped instrument 
is only impeded or reinforced by the movements 
of blood in the heart and great vessels, so that 
more minute temporal analysis would perhaps 
be unjustified. 

Nickerson and his co-workers,*: ® in describ- 
ing the low frequency, critically damped ap- 
paratus, give only a qualitative description of 
the form of the resulting record. This instru- 
ment has the advantage, however, that all 
waves are the consequence of forced move- 
ments, so that phasic reinforcement and damp- 
ing need not be considered. It would appear 
that this type of record would give greater 
fidelity and reproducibility of form for clinical 
purposes. Consequently, we have pursued the 
suggestion of Hamilton’ to evaluate empirically 
the ballistocardiograph, but using the low fre- 
quency, critically damped instrument to record 
the cardiodynamic events. 

From the Department of Medicine of the Uni- 
versity of Chicago and the University of Chicago 
Clinics. 

Part of this work was presented by title to the 
American Society for Clinical Investigation, at the 
annual meeting of May 1, 1950. 


Though Nickerson’ has referred to some siy- 
nificant points of interest in the development 
of the H and K waves, and removed the ob- 
jection of Hamilton and co-workers* to the 
time lag in onset of the I wave, neither he nor 
Starr has published any tables of the normal 
limits of relative amplitudes and time sequence 
of the various waves. In attempting to study 
deviations from the normal ballistocardiogram 
in various circulatory disturbances, a group of 
normals were collected and their records meas- 
ured carefully with regard to the timing and 
amplitude of the first four waves. Some rather 
pertinent deviations from the normal were 
noted in random conditions and allow the estab- 
lishment of certain definite patterns, the under- 
standing of which may further aid in approach- 
ing the goal envisaged by Starr,’ of deriving 
the shape of the cardiac ejection velocity curve 
from the ballistic impacts. 


MATERIAL 


Over 500 ballistocardiograms have been taken on 
over 300 subjects, the majority of whom had real 
or suspected heart disease. This study concerns the 
comparison of two groups of subjects having normal 
sardiovascular systems with patients having hyper- 
tension and certain other cardiodynamic abnormal- 
ities. Normal group 1 is made up of 25 young, 
active adults—l4 men and 11 women—averaging 
26.2 years in age (ranging from 17 to 37 years), w!i0 
were members of the hospital staff and had passwd 
several thorough physical examinations in recent 
years. They were all of average body build, nove 
being particularly obese or at the extremes of heig!t. 
While none were trained athletes, all were in good 
health at the time of recording. One had a slightly 
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olonged P-R interval, apparently of congenital 
igin. 
Group 2 normal subjects were drawn from the 
lical services on the basis of normal cardio- 
scular systems in the absence of acute illness. The 
oup includes 27 patients, predominantly male, 
‘eraging 54.9 years in age (ranging from 38 to 85 
ars), many of whom doubtless had some degree of 
uarecognized arteriosclerosis or transient hyper- 
usion. To exclude cardiac disease, unipolar electro- 
rdiograms were taken in addition to the routine 
puysical examination and admission photofluoro- 
gams of the chest. They suffered from no de- 
monstrable cardiac failure, and, though they had 
been hospitalized, the majority were ambulatory. 
Though 8 of them gave electrocardiographic evi- 
dence of “myocardial abnormality,” they were not 
excluded from the series, because they gave no 
history of cardiac distress or symptoms of myo- 
cardial infaretion and their ballistocardiograms had 
a normal configuration. 
Twenty cases of essential hypertension, including 
6 who had been previously treated for congestive 
heart failure, were also studied in similar fashion. 
This group consisted of 138 women and 7 men, 
ranging from 26 to 84 years of age (average age 
51.9), who had an elevation of the diastolic pressure 
to over 100 mm. Hg, and who were free of renal 
failure, congestive heart failure, or clinical coronary 
artery disease at the time of recording. Four cases 
of clinically established coarctation have come under 
observation. Their records are compared with those 
of the normal and the hypertensive subjects. A 
group of 19 cases with rheumatic or syphilitic lesions 
of the aortic valve revealed some points for com- 
parison with the hypertensive pattern. 


Meruop 


\ll patients were made to rest 20 minutes on an 
air mattress atop the ballistocardiograph,* which 
was adjusted for the weight of each individual to the 
low frequency of 1.5 cycles per second and critically 
damped as recommended by Nickerson and Curtis.® 
Usually the study was made in the basal state, or, 
if serial recordings were not anticipated, the subject 
was at least three hours postabsorptive. Because of 
the more evident influence of respiration in patients, 
recordings were made both during slow respiration 
ani in breath-holding, in duplicate, so that a com- 
pa-ison might be made. For best agreement between 
th records during slow breathing and those in 
ar: ested respiration, it was found advisable to instruct 
th patient carefully to avoid effort or strain in 
blowing out a full inspiration, inspiring again and 
ho ling the second breath at the mid-point of normal 
re- iration. Only occasionally did the patient have 
tr ible following the commands. 

“ead II of the electrocardiogram was taken simul- 
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taneously in all cases, to permit timing of the onset 
of the cardiac cycle as well as recognition of arrhyth- 
mias. The ballistocardiograms were measured during 
arrested respiration because of the greater stability 
of form noted in the abnormal records thus taken, 
and because frequently in cardiac cases reproducible 
patterns occur only during breath-holding. The time 
of occurrence of each H, I, J, and K peak was 
measured from the onset of the Q wave of the electro- 
cardiogram, averaging ten complexes during arrested 
respiration in all cases. Variation in any individual 
record seldom exceeded 0.01 second. The intervals 
between H-I, I-J, and J-K peaks were also tabulated. 
The vertical amplitudes of H-I and J-K deflections 
were expressed as per cent of the amplitude of the 
I-J segment. The value for F (stroke force) was 
estimated in grams, as described by Nickerson and 
Curtis,’ and the “stroke volume” and ‘minute 
volume” were then estimated according to the 
empiric formula applied by Nickerson and his asso- 
ciates,® in comparing their data with the direct Fick 
method of estimating cardiac output. 


{ESULTS 

Normal Young Healthy Adults. The limits for 
the various time intervals in group 1 are given 
fully in table 1. The normal range of variation 
in timing of the two early peaks has a scatter 
of 0.04 to 0.05 second, whether related to 
themselves or to the onset of electrical systole. 
We have confirmed the finding of Nickerson,’ 
in our own cases of complete A-V dissociation, 
that the development of the H wave peak is 
largely determined by an auricular component. 
It therefore is probably of no use as a timing 
device. In some normal subjects, as in a higher 
percentage of abnormal subjects, the H peak 
was hard to isolate from the rest of the record 
or was not sharp enough to make a very good 
timing devict. 

The Q-I interval ranges from 0.15 to 0.195 
second, with a mean of 0.169. None of this 
group fell below 0.15 second, and none reached 
a full 0.20 second, although 3 were 0.19 second, 
or slightly above. The Q-J interval was in the 
rather wide range of 0.29 to 0.37 second, and 
the Q-K interval had a similar range of 0.49 
to 0.57 second, save for one subject who had a 
Q-K duration of 0.46 second. This last was not 
unusually low for other groups studied and 
could not be considered abnormal. A Q-K inter- 
val longer than 0.57 second was not found in 
any case, however, unless obvious pathology 
was present, and, in general. the longer Q-K 
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intervals were present with the slower pulse 
rates. Its significance in cases of coarctation 
will be mentioned later. Comparison of the 
H-I, I-J and J-K intervals shows an increasing 
dispersion in the normal variation as the cycle 
progresses. 

The depth of the H-I deflection varied from 
21 to 50 per cent of the I-J deflection, and 
might have varied more widely had a greater 
variety of cardiac positions been sought. The 
J-K deflection averaged slightly more than the 
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agreement between ‘minute volume”’ values, 
while breathing and while apneic, within 0.5 
liter per minute, and in 75 per cent, within | 
liter per minute. 

Older Normal Group. The 27 noncardiac 
patients composing group 2 showed a greater 
tendency for a variation of form to be present 
during quiet breathing, and in 20 per cent, to 
have such distortion with respiration as to 
make that record useless for calculating ampli- 
tudes. In 2 patients, the H wave was so poorly 


TaBeE 1.—Time Intervals and Relative Amplitudes of H,I, J and K Peaks of the Ballistocardiogram, as Measurd 
from the Onset of Electrical Systole in Two Groups of Normal Subjects and in Four Cases of Coarctation of the Aoria 
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Group 2: 27 patients without specifie cardiovascular disease, ages 38 to 85. 


* Omitting two patients where no H wave was demonstrable: n 


[-J in amplitude, but never exceeded 160 and 
was not less than 88 per cent of I-J. 

The “stroke volume” and “minute volume,”’ 
as estimated by Nickerson’s® formula, is that 
calculated during arrested respiration. Much 
better agreement is obtained in day-to-day 
comparisons if slow breathing values can be 
used, though this is not possible in about 10 
per cent of normal subjects and 35 per cent of 
our cardiac patients. Hence, such minute 
volume determinations are best made during 
apnea for the purpcse of making comparisons 
with patients. The volume calculations were 
somewhat higher, on the average, during apnea; 
but in about 50 per cent of the cases there was 


25. 

developed (or masked by the preceding diastolic 
wave) as to preclude measuring the H peak, so 
their H intervals are excluded in the tabular 
results (table 1). 

Four of this group had Q-H intervals of 0.12 
second, without evident prolongation of subse- 
quent events in the ballistic pattern, and with- 
out unusual shortening of the P-R interval. 
The other intervals, as can be seen from table |, 
tend to be shorter on the whole than in the 
young, healthy group. One patient barely 
exceeded 0.20 second for the Q-I interval. The 
remainder had Q-I durations of 0.14 second or 
more, except for 1 extremely apprehensive an 
trembling psychoneurotic patient who had a 
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()-I of 0.11 second and the 2 oldest patients (71 
and 85 years of age), who had intervals of 0.12 
ard 0.09 second. These 2, being well along in 
years, doubtless suffered from some degree of 
arteriosclerosis of the major vessels. While the 
() J and I-J maxima in the younger group were 
never exceeded, the minimum of one or the 
other was not reached in 12 cases. The Q-K 
time was shorter than 0.46 second in only 4 
instances, and in 6 of the 7 cases in which there 
was a decrease in J-K amplitude (below 90 per 
eent of the I-J amplitude), it was shorter than 
0.49 second. Conversely, the longer Q-K times 
(near the upper limit of normal) were always 
associated with well developed K waves, never 
with abbreviated or abortive K waves. 

The H-I amplitude exceeded 50 per cent of 
I.J amplitude in one case (59 per cent) but fell 
below the 20 per cent limit in 5 cases, in 2 of 
which it was often absent during breath- 
holding or expiration. The J-K amplitude was 
frequently smaller than the I-J amplitude, fall- 
ing below 80 per cent in 6 cases, often not 
falling below the roughly estimated base line 
(fig. 1B, C, D). This has been said to be closely 
associated with coarctation of the aorta,’ %*"! 
but. none of these patients showed any diminu- 
tion of the femoral or pedal pulses, or other 
conditions where circulation to the viscera is 
impaired. We were impressed, however, by its 
association with a markedly vertical heart on 
x-ray study, and routine x-ray films available 
in 6 such cases indicated a dependent type 
vertical heart in each case. 

Further comment is hardly needed on the 
question of ‘stroke volume” and “minute 
volume” calculations, except to say that they 
are obviously lower in the older patient group, 
as previously noted by Starr and Schroeder,!® 
ant that greater variability is noted between 
respiration and apnea, and is more often seen 
from beat to beat. Notching was not met with 
even in the more unusual tracings of this series. 

‘‘oarctation of the Aorta. Four cases of coarcta- 
tion (table 1) proved by clinical examination, 2 
of which were confirmed at surgery (fig. 1, F), 
had J-KK amplitudes of 59, 70, 74 and 47 per 
cet, in association with H-I amplitudes of 59, 
D4, 46 and 48 per cent, of I-J amplitude. The 
on!y other abnormality, and the feature dis- 


tinguishing these cases from the normals with 
vertical hearts, was a delay in the final develop- 
ment of the K peak, often associated with 
marked slurring in the J-K segment. The Q-K 
time in these three cases was 0.57, 0.60, 0.65 
and 0.62 second, respectively. The 0.57 second, 
while not abnormal in itself, is never associated 
in normal vertical hearts with an abortive K 
wave, which is ordinarily shortened in time as 
well as amplitude. 


Fic. 1. Representative ballistocardiograms: A. 
Normal. B. and C. Normal, with tendency to vertical 
heart. D. Vertical heart, postlobectomy. EH. and F. 
Coarctation of aorta, confirmed at operation. G. and 
H. Essential hypertension. 7. and .J. Clinical aortic 
insufficiency. 


Patients with ¢ ‘ncomplicated Hypertension. A 
group of 20 patients (table 2) with essential 
hypertension were studied, of whom 6 had 
previously been in heart failure. Excluding the 
latter, there was either a Q-I interval or Q-J 
interval of shorter duration than any noted in 
the younger group of healthy normal adults, 
except for 1 patient, aged 30, whose blood pres- 
sure ranged from 180/120 to 114/70 during 
hospital observation. His was historically a very 
labile hypertension. Two other hypertensives 
with associated cardiomegaly had Q-I durations 
of 0.17 and 0.15 second, but they had an I-J 
duration less than 0.14 second, the lower limit 
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noted in group 1. In the 3 men and 3 women 
who had been in congestive failure due to 
hypertension, one had a Q-I interval of 0.17 
second, the rest falling at 0.12 second or less. 
There is a statistically significant difference 
between the mean Q-I intervals in the hyper- 
tensive group and those in the normal group 2. 


TaBLeE 2.—Time Intervals and Amplitudes of the 
Ballistocardiographic Waves in Twenty 
Hypertensive Subjects* 
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* Patients 1 through 6 had previously been treated 
for heart failure. 


It thus appears that essential hypertension is 
associated consistently with a shorter duration 
of Q-I or I-J, or both, than occurs in a normal 
series. That this shortening is not necessarily 
related to the hypertension is shown by the 2 
oldest men in the patient group, who had Q-I 
duraticrs of 0.09 and 0.12, respectively, with- 
out evident hypertension. 

Of the 20 hypertensives, the H-I amplitude 
fell within the normal range in only 5 cases, it 


being very low or absent in the rest. On the 
other hand, the J-K amplitude exeeeded 150 
per cent of the I-J amplitude in 12 cases, and 
in no case fell below 100 per cent (fig. 1G, F), 

A point of interest arises in comparing the 
hypertensive pattern with the aortic insu!i- 
ciency pattern. Out of 19 cases with aor'ic 
valve lesions and murmurs characteristic of 
either stenosis and/or insufficiency, 8 were 
found to have a J-K amplitude exceeding 1:0 
per cent of the I-J amplitude. These caxes 
(fig. 17, J) more often had an H-I amplitude 
well within the normal range, and were not 
accompanied by any shortening of intervals in 
the early portion of the cycle. In fact, if the 
H-J interval is used, it reaches the lower limit 
of normal (0.20 second) in only 3 of the hyper- 
tensive patients, and exceeds it in all the aoriic 
valvular lesions associated with deep K waves. 

The Effect of Cardiac Position on the Ballisio- 
cardiogram. The reciprocal behavior of the I 
wave and the K wave with vertical hearts 
(fig. 1B) and with hypertensive hearts (fig. 14, 
H) suggested that the amplitudes of these 
waves might be dependent in part on the po- 
sition of the left ventricle. X-ray films taken in 
the upright position in the 20 hypertensive 
patients and in 31 of the combined normal 
group, including 5 vertical hearts, permitted 
the determination of the angle of inclination; 
the angle between the long diameter of the 
heart and the dorsal spine.’? The cosine of this 
angle (a), which is proportional to the vertical 
vector of this diameter, was then compared with 
the H-I amplitude and the J-K amplitude, both 
expressed as percentage of the I-J amplitude, 
which has figured prominently in stroke volume 
estimations of both Starr! and Nickerson.® The 
correlation coefficient comparing cosine a with 
the H-I amplitude in all 51 cases is r = +0.886, 
and with the J-K amplitude is r = —0.644. 
Both are significantly different from zero (p = 
0.001 for the latter). 

It is seen from the scattergrams (figs. 2 and 3) 
that the line of best fit for these two correla- 
tions, including the hypertensive patients, does 
not evenly split the hypertensive cases in either 
case. All but 6 cases fall below the best line for 
the 51 cases in figure 2, and all but 7 lie above 
it in figure 3. While this series is rather smal, 
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it is at least suggestive that the position of the 
heart is not the only factor at work to diminish 
the H-I segment, and increase the J-K ampli- 
tule in hypertensives. This could only be defi- 
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Fig. 2. The vertical H-I amplitude, expressed as 
the per cent of the I-J amplitude plotted against the 
cosine of a, the angle between the long diameter of 
the heart and the dorsal spine, measured from tele- 
roentgenograms in 51 cases. The line of best fit is 
presented. Open circles indicate cases with essential 
hypertension, diastolic blood pressure over 100 mm. 
Hg. Dots indicate cases drawn from the normal series. 
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¥ig. 3. The vertical J-K amplitude, expressed as 
pe: cent of the I-J amplitude, plotted against cosine 
a. (Cases identical with those in fig. 2) 


ni cly established by comparing these hyper- 
tensive patients with a normal group having a 
sitilar average rotation of the heart to the left. 
Vi ry few normal hearts reach the degree of 
ro‘ ation seen in hypertensive persons. 


DISCUSSION 


From analysis of our records, it has become 
apparent that the critically damped _ ballisto- 
cardiogram must indicate certain character- 
istics of systolic ejection which are as yet poorly 
defined. We have used the onset of the QRS of 
the electrocardiogram as timing the onset of 
systole. While a carotid pulse wave or a phono- 
cardiographic analysis might be theoretically a 
better measure of the onset of mechanical sys- 
tole, we found in a small series of normal 
subjects as great a variation in the relationship 
of the I wave of the ballistocardiogram to the 
onset of the carotid pulse as to the Q of the 
electrocardiogram. Brief experience with phono- 
cardiograms indicates that they give a more 
reliable measure of the onset of mechanical 
systole when the first sound is not obscured by 
adventitious sounds. We are now routinely 
employing both electrocardiograms and phono- 
cardiograms. At any rate, the variations we 
have observed in pathologic cases are appar- 
ently much greater than the normal variation 
in the interval between mechanical and electri- 
cal systole. 

The I peak has been rather widely accepted, 
on the basis of experiments with models,!: 4: ° 
as an indication of reversal of aortic blood from 
the headward to footward direction. Its time of 
occurrence indicates that the systolic ejection 
of blood from the heart is not yet concluded, 
but that the head of the pulse wave has rounded 
the arch, and, presumably, the predominant 
flow of blood changes from the headward to the 
footward direction. Accepting that this is true, 
a shortening 6f the “maximum ejection phase”’ 
of Wiggers'* would be expected to hasten the 
occurrence of the I peak of the ballistocardi- 
ogram. That the maximum ejection phase is 
brief and steep in hypertension™ would explain 
the early I peak in this condition. Since the 
subsequent ballistic waves are dependent also 
on the initial acceleration of blood, it is not 
surprising that they may be correspondingly 
shortened. The particular advantage of the 
ballistocardiogram over a direct systolic volume 
ejection curve, were it obtainable in man, lies 
in the fact that the relatively sharp peak of the 
I wave is easier to measure than a gradual and 
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often minute change in the slope of the ejection 
curve. 

While there is a slight tendency for the 
shorter Q-K times to occur in association with 
a more rapid pulse, there was no such tendency 
demonstrable with the Q-I intervals in the 
narrow range studied. An increase in average 
pulse rate of 6 beats per minute in the hyper- 
tensive group could by no means explain such 
differences as were observed. 

The J peak is determined by the point at 
which maximal footward acceleration of the 
blood is succeeded by gradual deceleration, and, 
according to Hamilton and co-workers,’ this 
terminates in the K wave peak when reflection 
of the pulse wave from the lower extremities 
causes a more significant deceleration in the 
headward direction. In our older normal sub- 
jects with vertical hearts, the amplitude of the 
J-K segment was quite under-developed, 
though this was also found. consistently with 
coarctation of the aorta. The distinguishing 
feature in the latter cases was that the K wave, 
though under-developed, was also much de- 
layed—i.e., though most of the descending 
aortic flow was dissipated in collaterals, such a 
wave as did reach the lower extremities was 
low in amplitude and delayed, as pulse tracings 
have shown," and so was its reflected wave. 
Thus, in coarctation of the aorta, there is an 
abnormally small K peak, delayed beyond any 
normal limits, associated with a deep I wave. 
This pattern is quite specific for coarctation 
and other obstructive lesions of the descend- 
ing aorta.'® 

The explanation for a somewhat similar pat- 
tern in subjects with an otherwise normal circu- 
lation is apparently found in the cardiac po- 
sition, as indicated by the angle which the long 
axis of the heart makes with the vertical. Starr 
and his associates! recognized that the ‘‘cardio- 
aortic axis” could influence the depth of the I 
wave, but felt that this only needed to be con- 
sidered in extreme cases. While the spread of 
our data certainly indicates that other factors 
are involved, there is an excellent positive corre- 
lation and probably a strong dependent rela- 
tionship between the two. The obvious explana- 
tion for this, of course, is that the vertical 
vector of the movement of the mass of ejected 


blood and contracting cardiac muscle will be 
larger in a vertical heart than in the transverse 
heart, where a larger proportion of the move- 
ment is in a horizontal direction, thus dissipat- 
ing a larger part of the kinetic energy against 
the wall of the ascending aorta, instead of the 
arch. 

Less to be expected is the good correlation, 
in the negative direction, between the cosine 
of the angle of inclination of the heart and the 
relative vertical amplitude of the J-K segment. 
The only ready explanation for this occurrence 
is that the greatest movement of heart and 
blood in diastole takes place during the same 
period of early diastole when the K wave is 
developing, but in a footward direction so that 
its headward recoil opposes the footward recoil 
of the body during deceleration of descending 
aortic blood. Obviously, the more vertical heart 
will have the greater vertical component for 
this force and exert a greater nullifying force 
against the “normal’’ development of the K 
wave. Hence, the K wave is deep in the trans- 
verse and shallow in the vertical hearts. 

The fact that most patients with hyper- 
tensive heart disease show relatively deep K 
waves compared with those few normal persons 
whose hearts have similar angles of inclination, 
and that 70 per cent of them lie above the best 
fitting line for all 51 cases, suggests that some 
other factors may be operating to enhance this 
particular effect of cardiac position. Perhaps 
the greater mass of cardiac muscle or the larger 
diastolic volume is related. It is also conceivable 
that a systolic volume ejection curve of the 
hypertensive type may lead to a greater volume 
of blood traveling with the head of the pulse 
wave, thus allowing for deceleration of a greater 
volume of blood than is usual before this force 
is quenched by the reflected wave from the 
periphery. 

About half of the cases of aortic insufficiency, 
with or without ‘stenosis, also have abnormally 
large J-K segments, relative to I-J. They may 
be differentiated from cases presenting the hy- 
pertensive pattern by their normal or prolonged 
Q-I and Q-J intervals, and their normal or 
excessive H-I amplitudes. Again the position of 
the heart plays a relative role, but such factors 
as the duration and magnitude of the regurgit: - 
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tion of blood, the slow transmission of reflected 
w:ves due to a patulous peripheral vasculature 
and doubtless other factors, make final evalu- 
ation difficult. 

Aside from these suggested implications of 
ballistic theory, our data indicate that the 
ballistocardiogram may have much greater use 
clinically than its rather dubious value as a 
measure of cardiac output. Shortening of the 
time intervals between the earlier peaks of the 
ballistocardiogram is present in all well-defined 
cases of essential hypertension that we have 
followed to date. That this is not the necessary 
consequence of an elevated blood pressure is 
evident from the fact that this shortening is 
not seen in hypertension due to coarctation, 
pheochromocytoma, or hyperthyroidism and 
is not always seen in patients with an early 
labile essential hypertension. Furthermore, it 
was noted in 2 elderly men who had no history 
of hypertension. Arteriosclerosis of the great 
vessels is such a constant concomitant of old 
age that it is tempting to suggest that such a 
ballistic phenomenon derives from the systolic 
ejection curve induced by an increase in the 
rigidity of the great vessels by sufficient di- 
astolie pressure elevation or arteriosclerosis. 
Perhaps further studies will indicate some value 
in prognosis or better diagnosis in this disorder. 

The presence of a prolonged Q-I or Q-J 
interval has, in our experience, been associated 
only with serious heart disease: delayed intra- 
ventricular conduction, old myocardial infare- 
tion, or congestive heart failure. A normal Q-I 
interval in a patient with marked hypertension 
must be viewed with the same suspicion as a 
prolonged interval otherwise. 

The assistance these observations may lend 
to the better determination of the stroke 
volume by the ballistocardiogram is question- 
able. Certainly a better definition of various 
patterns with improved understanding of the 
related variations in the central pulse wave 
contour must inevitably lead to closer approxi- 
mation of stroke volume. On the basis of hypo- 
thetie curves postulated by Hamilton and 
as-ociates,4 a normal person with a relatively 
lo.g Q-I interval should have a somewhat 
higher J peak than one with an interval near 
the lower limits of normal for the same stroke 


volume. It is evident that the relative H-I 
amplitude varies directly and the J-K ampli- 
tude inversely with the cosine of the angle of 
inclination of the heart, so that the I-J ampli- 
tude with which they are compared would 
appear to be the most representative of the 
stroke volume. Whether the I-J amplitude itself 
may be influenced similarly by position of the 
heart has not been determined, though on 
theoretic grounds there is less reason to 
suppose so. 

If one were to propose a routine system of 
ballistocardiography, it would be advisable to 
relate the various peaks to the electro- or 
phonocardiogram, and to compare the relative 
amplitudes of H-I, I-J and J-K. Whether such 
careful temporal measurements would be 
equally worthwhile with ballistocardiograms 
made with the high-frequency undamped table 
of Starr, we are not prepared to state. 


SUMMARY AND CONCLUSIONS 


1. An approach is made toward describing 
the pattern of the low frequency, critically 
damped ballistocardiogram in terms of the am- 
plitude and time relations of its first four waves. 
The occurrence of H, I, J and K peaks is timed 
in reference to the onset of systole, and the H-I 
and J-K amplitudes are expressed as a per- 
centage of the I-J amplitude. These values are 
found to fall within a rather narrow range in 
25 young, healthy adults under the age of 37; 
exceeded rarely in an older group of 27 patients 
with presumably normal cardiodynamics; and 
exceeded in certain definite patterns in essential 
hypertension, coarctation of the aorta and 
aortic insufficiency. 

2. The “cardiac output,” as compared during 
slow respiration and apnea, checked within 0.5 
liter per minute in half of the normal subjects 
and within 1.0 liter per minute in only three- 
fourths of the cases. 

3. The H-I amplitude, expressed as a per- 
centage of the I-J segment, was found to have 
a significant positive coefficient of correlation 
with the cosine of the “angle of inclination” 
of the heart. The J-K amplitude was found to 
have a significant negative coefficient of correla- 
tion with the same angle. 

4. Four definite patterns are mentioned: (a) 
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coarctation of the aorta—a small K wave (J-K 
less than 90 per cent of the I-J wave), delayed 
beyond the upper limits seen in normals (0.57 
second) in association with a large I-J segment; 
(b) the vertical heart—a small K wave, earlier 
than usually seen, associated with a high- 
normal I-J amplitude; (c) essential hyperten- 
sion—a short Q-I or Q-J, below that seen in 
normal subjects, usually associated with a small 
or absent H-I segment, and, in half the cases, 
with an abnormally deep K wave (J-K greater 
than 160 per cent of I-J); (d) aortic insufficiency 
or stenosis—a deep J-K (greater than 160 per 
cent. of I-J), associated usually with a normal 
or deep I-J segment, but always associated 
with normal or prolonged Q-I or Q-J times. 

5. The explanation for these specific ballisto- 
cardiogram patterns, based on present ballisto- 
cardiographic theory, is discussed. 
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Analysis of H Wave of Ballistocardiogram 


By VINCENT DE LALLA, JR., M.D., Marvin A. Epstein, M.D., AND HERBERT R. Brown, Jr., M.D. 


The observations on which this analysis is based include simultaneous ballistocardiographic and 
electrocardiographic tracings on subjects with complete heart block, and auricular fibrillation. 
Deflections of the ballistocardiogram similar to the H wave were seen to occur at a constant time 
interval after P in the absence of a ventricular systole. However, in fibrillation H waves were also 
found occasionally. A G wave of the ballistocardiogram is described and the authors discuss the 
part played by auricular systole, the apex thrust, and venous pressure pulses in producing the G 


and H waves. 


HERE HAVE BEEN a great number 

of articles on the origin of the ballisto- 

cardiogram since Starr’s first report in 
1939.! It is not the purpose here to review the 
literature in general but only to discuss a small 
part of the ballistocardiogram, the H wave. 
This is the first deflection seen in normal rec- 
ords whether one uses a horizontal'— or vertical 
tablet or a table with a high! * * or low fre- 
quency response.” 

The H wave is an upward deflection whose 
amplitude varies not only from subject to sub- 
ject (figs. 14, 1B), but also in the same sub- 
ject (fig. 1B). It varies with respiration, usually 
increasing with expiration (fig. 1A), but it may 
remain constant or decrease with expiration.* 
The P-H interval, measured from the peak of 
P (electrocardiogram) to that of H (ballisto- 
cardiogram) ranges from 0.2 to 0.3 second in 
various subjects. It is constant in an individual 
and averages 0.24 second (fig. 1). The H wave 
is nearly synchronous with the first heart sound 
and the apex thrust (figs. 2A and 2B). It begins 
approximately 0.15 second after mechanical 
auricular systole (fig. 2C). 

lwo basie theories have been advanced as to 
the cause of the H wave. The first was proposed 
by Hamilton,’ who related the apex thrust to 
the H wave, since they occurred at the same 
time. Accordingly, the vertical component of 
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the apex thrust (isometric contraction of the 
ventricles) causes a headward movement of the 
body. Since the heart is fixed at the base, a 
lateral movement of the ventricles must have 
a headward component. This theory fits the 
observed respiratory variation of the H wave 
very nicely, since the heart is more lateral in 
expiration, and it would be expected that the 
vertical component of the apex thrust be more 
pronounced in expiration. However, the total 
diastolic filling of the heart is increased in in- 
spiration and decreased in expiration.*:7 This 
would diminish the force of the apex thrust in 
expiration, thus tending to counteract the in- 
crease in the vertical vector. This opposition 
of forces with respiration helps to explain the 
number of cases where the H wave showed no 
respiratory variation, or actually decreased in 
expiration. 

The second theory was offered by Nickerson® 
in 1949. He observed that in complete heart 
block where P waves occurred separately from 
the QRS complexes, there were separate bal- 
listic patternssof small amplitude which were 
definitely related to the auricular electrical sys- 
tole (fig. 34). He postulated that when auricu- 
lar contraction is in normal temporal relation 
to ventricular contraction, the H wave is pro- 
duced by the upward ballistic deflection that 
results from auricular systole. We have ob- 
tained traces of complete heart block in our 
laboratory which confirm this (fig. 3B). It can 
be seen that the time relation of electrocardio- 
graphic auricular systole (peak of P) to the 
upward deflection of ballistocardiographic auric- 
ular systole (peak of H) in heart block (fig. 3) 
is withing the normal P-H range, since it is 


Circulation, Volume II, November, 1950 





766 ANALYSIS OF H WAVE OF BALLISTOCARDIOGRAM 


0.25-.29 second. Therefore, auricular systole 
probably plays a part in the production of the 
H wave. 

Nickerson felt that the first auricular ballisto- 
cardiographic deflection was upward. However, 
examination of his traces reveals that the first 
auricular ballistocardiogram deflection is in a 
downward direction, beginning about 0.15 sec- 


Inse 


graphic auricular complex appear in fig. 34, 
The first trace in 3A shows his original labelling 
of the auricular complexes. Upon examination 
of other auricular complexes in his records it 
appears that the true H peak is 0.25 to ().29 
second after the electrocardiographie P wave 
peak as shown by subsequent labels which are 
ours; this corresponds to what Nickerson jas 


Fic. 1. Three traces taken on two normals; records B and C are on the same subject, but at differ- 
ent paper speeds. Note the increased H wave with expiration (compare second and third arrows), 
in A. Tracings B and C demonstrate G valleys just prior to the H peak. Note the P-G and P-H in- 
tervals and compare with figure 3. The larger time lines are 0.2 sec. apart in these figures. 


ond after the P wave (figs. 3A and 3B). This 
could be labelled G. This initial downward de- 
flection is followed by an upward swing of equal 
or greater amplitude (H), whose peak occurs 
about 0.27 second after P (fig. 3). The follow- 
ing waves are probably simple oscillations. In a 
normal with a ver: slow rate we have observed 
a G valley (fig. 1C), which could well represent 
this initial downward auricular deflection. 
Nickerson’s original traces of the ballistocardio- 


labelled J; the preceding valley is labelled I by 
Nickerson and G subsequently (our labels). The 
small upward deflection labelled H by Nicker- 
son is probably an artefact; this is borne out 
by the fact that it does not repeat, whereas the 
true peak is quite constant. Furthermore, ihe 
upward deflection labelled H by Nickerson vc- 
curs approximately 0.10 second after the P 
wave, whereas P-H intervals in normal ballis! 0- 
cardiograms are greater than 0.2 second. 
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‘he time lag of about 0.15 second between the true time lag is approximately 0.05 second, 
the electrocardiographic P wave and the onset since it is the mechanical systole rather than 


CHEST PNEUMOCARDIOGRAM 
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TIME RELATIONS OF THE H WAVE 


Fig. 2. Three records showing the relations of the H peak to the apex thrust (A), heart sounds 
(B) and (C), and mechanical auricular systole (C). Note that the H wave begins during the first 
heart sound and just after the apex thrust. The interval from the peak of P to the peak of the first 
auricular pressure wave is approximately 0.1 second. The interval from the peak of the first auricu- 
lar pressure wave to the onset of H is approximately 0.15 seconds. 

(Record C was obtained from the laboratory of Doctor R. Bruce, Department of Medicine, Univer- 
sity of Rochester, New York. Auricular pressure was obtained through a cardiac catheter with a 
Hathaway transducer.) 


of the ballistocardiographic auricular G wave electrical systole with which we are concerned. 
can be explained in this manner: mechanical When the auricles contract, blood and impulse 
auricular systole follows electrical auricular sys- waves are sent in various directions: into the 
tole by about 0.1 second (fig. 2C). Therefore, ventricles and into the venous channels. It is 
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probably the deceleration of blood and impulse 
wave by the ventricles from the auricles that 
accounts for the initial downward deflection of 
the auricular ballistocardiographic pattern. The 
time it takes for the pulse to travel from auricle 
to ventricle would account for the observed lag. 

The origin of the subsequent upward deflec- 
tion is more obscure; a possible explanation lies 
in the concept that retrograde flow and impulse 


,A 2 


B 


cient headward deceleration to account for the 
headward movement of the ballistocardiogra ph. 
The azygos arch occurs 3 to 4 cm. from the 
right auricle,” and a headward thrust produced 
here would occur at approximately the s:me 
time as the footward thrust produced by the 
ventricles. These forces would tend to coun er- 
act each other, with the ventricular footward 
force predominating. However, the innominate 


Fig. 3. Records of patients with complete heart block and auricular fibrillation. The tracings in 
A (sub-labelled 1, 2 and 3) are from Nickerson. The lettering in the first trace in A is Nickerson’s. 
All subsequent lettering is ours. Note that H as labelled by Nickerson does not repeat and is prob- 
ably an artefact. Nickerson’s I valley is the same as our G valley (same interval after P wave), and 
Nickerson’s J peak is the same as our H peak (same interval after P). The first BCG deflection after 
P is downward (G valleys) followed by H peaks. Note the P-G and P-H intervals, and compare with 


figure 1. 


Tracing C is of a man with auricular fibrillation. Note the H peaks. Since the auricle is fibrillat- 
ing, these peaks cannot be due to auricular systole. They probably represent apex thrust forces. 


travel occur in the great caval veins following 
auricular contraction. We have seen such retro- 
grade pulsations of dye and blood in the supe- 
rior vena cava in fluoroscopic movies made 
during angiocardiography.® It is reasonable that 
this should occur since there are no valves in 
the caval veins to prevent it.!° There is little 
in the inferior vena cava to cause a marked 
deceleration of this pulse. However, there are 
several arches in the superior caval system as 
well as the skull itself which might cause suffi- 


and subclavian arches are more than 8 to 10 
em. from the right auricle.!° A headward thrust 
produced here or in the head would occur after 
the footward thrust from the ventricles and 
would account for the lag between auricular 
mechanical systole and the onset of the auricu- 
lar H wave of approximately 0.15 second. 
Therefore, it is possible that the auricular H 
wave is produced by deceleration of a headwerd 
traveling impulse wave in the superior caval 
venous system or in the head, originating from 
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‘ht auricular contraction. It is fair to ignore 

e pulmonary veins since they approach the 
.{t auricle laterally and have tributaries which 
- diate in all directions. Thus any forces which 
ight oecur in this system would tend to bal- 
aice out as far as the ballistocardiograph is 
-oneerned. 


SUMMARY 


1. A theoretic analysis of the H wave of the 
llistocardiogram is presented. 

2. Since H waves may be seen without sus- 
tained auricular contraction, it seems probable 
that the H wave represents a force produced by 
the apex thrust as well as auricular contraction. 
The P-H interval (peak to peak) in heart block 
averages 0.27 second, which is in the same range 
as the normal P-H interval. It is postulated 
that the upward auricular ballistocardiographic 
stroke may be due to deceleration of an auricu- 
lar impulse wave by venous arches in the neck, 
or by the skull, or both. 

3. The G valley, a footward deflection oc- 
casionally seen in normals with bradycardia, 


and in auricular ballistocardiographic patterns 
in patients with heart block, may be due to 
the deceleration in the ventricles of a footward- 
traveling auricular impulse. The P-G interval 
(peak to peak) averages 0.17 second. ae 


te 
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Cardiac Performance Capacity and the Effect 
of Exercise on Renal Plasma Flow in 
Aortic Insufficiency 


By Tuomas B. Gipspons, M.D., Austin HENSCHEL, Px.D., HENry LoNastreet Taytor, Pux.)). 
AND CARLETON B. CHapman, M.D. 


Maximal oxygen intake and renal plasma flow at rest and in work were measured in normal sub- 
jects and patients with aortic valve insufficiency; the tests measure some aspects of cardiovascular 
function. The lower maximal oxygen intake and renal plasma flow at rest and in work in these 
cardiac patients indicate a decreased cardiovascular performance capacity even though the pa- 
tients were asymptomatic and their daily physical activity was not restricted. 


LINICAL experience has _ repeatedly 
demonstrated that aortic insufficiency 
due to rheumatic fever may exist for 

many years without causing congestive heart 
failure.!» ? Some individuals with this particular 
valvular deformity have even distinguished 
themselves in athletics.*~> One might anticipate 
from this that cardiovascular performance is 
impaired little or not at all by asymptomatic 
aortic insufficiency. It is of interest, however, 
to examine the circulatory performance char- 
acteristics in more quantitative detail and to 
compare the findings with those in normal 
persons. 

Several lines of approach are suggested by 
previous functional studies on patients with 
serious cardiac disease. Diminution of the 
cardiac reserve** and of the renal plasma 
flow®:'° are known to accompany cardiac de- 
compensation with great regularity. Even after 
compensation is re-established, the resting renal 
plasma flow is likely to be somewhat low," and 
there is some evidence that the same phe- 
nomenon is present in patients with various 
types of valvular heart disease who have never 
been in congestive failure.’ There is reason to 
believe, therefore, that subtle changes in cardio- 
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vascular function may take place in patients 
with asymptomatic aortic insufficiency long be- 
fore overt symptoms and signs of impending 
cardiac failure supervene. The present study is 
concerned with the qualitative and quantitative 
definition of several of these functional changes. 


MATERIAL 

For normal subjects, 11 male university stu- 
dents, aged 20 to 28 years, were employed. The 
group with asymptomatic aortic insufficiency 
was composed of 12 men, aged from 20 to 42 
years. All 12 had typical high-pitched, early 
diastolic murmurs which were usually best 
heard along the left sternal margin. Several 
also had unimpressive systolic murmurs but 
none had signs suggestive of other types of 
valvular heart disease. None had ever suffered 
from congestive failure and only one (F.H.) had 
dyspnea on exertion. A 6 foot roentgenogram 
of the chest in this subject disclosed moderate 
enlargement of the left ventricle but in the 
other 11 subjects the cardiac silhouette was 
normal. Electrocardiograms were normal in all 
the subjects. The systolic and diastolic blood 
pressure and pulse pressure at rest for the 
normal men and the cardiac subjects are pre- 
sented in table 1. 


METHOD 


Determination of the maximal oxygen intake was 
employed as a measure of cardiovascular perfor: 
ance. This test is based on the fact that at low lev 
of work there is a linear relation between the ints 
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oi oxygen and the amount of physical work actually 
performed. With increasing work loads, a point is 
ultimately reached at which little or no further 
increase in the intake of oxygen occurs. This point is 
t«:med the point of maximal oxygen intake and its 
vilue (expressed as cc. per kilogram of body weight 
pr minute) is, in the absence of respiratory disease, 
al objective measure of the performance capacity of 
the cardiovascular system. It does not represent the 
extreme capacity of the subject to perform physical 
work, since it is usually possible to increase the work 
load still further after the maximal intake of oxygen 
is reached. In the present study the maximal oxygen 
intake was determined while the subjects ran on a 
motor-driven treadmill. After a preliminary warm-up 
period of horizontal walking at 3 miles per hour, the 
subjects ran for three minutes at 6 miles per hour; 
the grades were adjusted to the performance capacity 
of the individual and ranged from 0 to 12.5 per cent. 
Expired air was collected in a balanced Tissot 
gasometer for one minute beginning 105 seconds 
after the start of the exercise. Oxygen and carbon 
dioxide content of the expired air was determined by 


the 11 normal men and for 8 cardiac subjects of 
comparable age, physique and exercise habits. The 
effect of the heavier work load (3 miles per hour at 
10 per cent grade) on the renal plasma flow was 
measured in the normal subjects and in 5 cardiac 
patients; 5 subjects with aortic insufficiency were 
exercised at the lighter work load (3 miles per hour 
and 5 per cent grade). Their response was compared 
with previously published data obtained for normal 
male subjects at the same level of activity." 


RESULTS 
Performance Capacity 


The values for the maximal oxygen intake in 
11 normal subjects and in 8 subjects with 
aortic insufficiency are presented in table 2. 
The mean maximal oxygen intake for the 
highest grade that each subject ran was 
37.1 + 3.32 cc. per Kg. per minute for the 
cardiac subjects and 45.3 + 5.10 cc. for the 


TABLE 1.—Systolic and Diastolic Blood Pressure and Pulse Pressure (in mm. Hg) at Rest for Normal Subjects 


and Subjects with Aortic Insufficiency 








Normals Cardiacs 


| Mean S.D. | Range | Mean S.D. Range 


ORME Sls 2 se bo neva ws sooner env on ise Resear 119 | 10.8 
Scion Poets) cet nd aa e bawod vunen ces | 73 =| =%7.4 | 62-80 58 6.4 48-68 


102-134 124 | 8.9 106-130 


SU RIMININN 6 2 Si rep os dk ai pes aig hws eas YR Sas 47 | 5.3 38-56 67 5.7 62-75 


| 
| | 


the Haldane method. Each subject ran on only one 
grade on any one day but the grade was increased 
2.5 per cent in each exercise period until the maximal 
oxygen intake was attained. 

Renal plasma flow was determined with the 
subjects in a postabsorptive state employing a 
modification of the technic originally described by 
Chasis and associates.1* Constant injection of para- 
aminohippurate, both during rest and exercise, was 
maintained by use of a mechanical injector. The 
method has been previously described in detail.'* To 
determine the response of the renal plasma flow to 
exercise the subjects walked on the treadmill at 3 
miles per hour and at a grade of either 5 or 10 per 
cen!. Two 16 minute exercise periods separated by a 
4n inute rest period were used. Oxygen consumption 
during each work period was determined to permit 
cal ulation of the efficiency of external work perform- 
ance. The renal plasma flow was also determined for 
two 20 minute recovery periods following exercise. 

‘lwo ballistocardiograms were taken on each of 5 
patents with aortic insufficiency; the instrument 
use: was a low frequency, critically-damped ballisto- 
cariograph similar to that described by Nickerson.!5 

The maximal oxygen intake Was determined for 


normal subjects. The difference between the 
means (8.2 cc. per Kg. per min.) was statis- 
tically highly significant (¢ = 4.17; ¢ for .01 
= 2.86). 

That maximal oxygen intake capacity was 
actually reached is shown by a comparison 
of the values for the two highest treadmill 
grades at which the subjects were tested. For 
the 11 normal subjects the mean maximal oxy- 
gen intake for the lower rate of work was 42.18 
ec. per Kg. per min. and for a grade two and 
one-half per cent higher the mean value was 
45.27; the difference of 3.09 cc. per Kg. per 
min. was not statistically significant (¢ = 1.49; 
t for .05 = 2.08 and ¢ for .20 = 1.32). Repeat 
maximal oxygen intake measurements were ob- 
tained for 4 of the 8 cardiac subjects. The 
mean maximal oxygen intake for these 4 sub- 
jects was 34.4 and 34.5 cc. per Kg. per min. 
for the lower and higher of the two grades 
respectively. The 4 subjects with aortic in- 
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sufficiency on whom no repeat determination 
of maximal oxygen intake was made were either 
forced to stop work a few seconds short of the 
three minutes or experienced considerable dif- 
ficulty in finishing the run. The mean body 
weight was approximately the same in the 
two groups. 

The oxygen consumption in cc. per Kg. per 
min. at rest and while walking on the tread- 
mill at 3 miles per hour on a 10 per cent grade 


removed, on the average, 47.88 cc. of oxygen 
from each liter of expired air while the grou 

with aortic insufficiency removed 5).92 ec: 
the small difference was not statistically sign’ - 
ficant. 


Renal Plasma Flow 


The mean renal plasma flow of each ind’- 
vidual for the 3 collection periods during 1 
is graphically presented in figure 1. The 8 no:- 


TABLE 2.—Mazimal Oxygen Intake 


Mean values with range and standard deviations of the normal subjects and subjects with aortic insufficiency 
in ec./Kg./min. for 6 m.p.h. and the higher of the 2 grades used; oxygen consumption in cc./Kg./min. at r 
and for walking at 3 m.p.h. on a 10 per cent grade and the efficiency in per cent with which the work was per- 


formed. 


Mean 


Max. oxygen intake. . 5.27 
Oxygen, at rest.......... seal i 3.40 
Oxygen, 3 m.p.h. 10% grade 

Eff. of work. 


Resting Renal Plasma Flow 
(Corrected to 1.73 sq.m.) 


FiGcureE 1 


and the muscular efficiency of performance of 
the vertical component of the walk were similar 
for the normal subject and the cardiac sub- 
ject groups (table 2). However, the oxygen 
consumption during the walks represented a 
larger percentage of the maximal oxygen in- 
take capacity in the cardiac subjects than in 
the normals; an average of 55.8 per cent and 
69.5 per cent for the normal subjects and car- 
diac subjects, respectively. 

The mean respiratory efficiency during the 
work periods was slightly higher in the group 
with aortic insufficiency. The normal subjects 


Cardiacs 
Mean S.D. Range 


38.9 -53.9 37.13 3.32 

1.87- 4.17 34.1 0.27 
22 .61-26.61 25.82 0.92 
16.4 -18.4 16.72 0.18 


31.2 -40.8 
2.91- 3.71 
24.41-26.83 
16.0 -17.9 


mal subjects had an average corrected renal 
plasma flow of 576 + 60.5 ec. per minute; 11 
determinations on 9 subjects with aortic in- 
sufficiency yielded an average of 487 + 79.9 
ce. per minute. The difference of 89 cc. per 
minute (15.5 per cent) was statistically highly 
significant (¢ = 2.78; ¢ for .01 = 2.86). 

Both levels of activity employed resulted 
in a reduction in the renal plasma flow in all 
the subjects but there was no significant dif- 
ference between the normal and cardiac sub- 
jects in the percentage reduction of the plasma 
flow. The data are presented in table 3. Al- 
though the percentage reduction of renal 
plasma flow was similar in the 2 groups, the 
absolute volume of plasma flowing to the kid- 
neys of the cardiac subjects was considerably 
smaller than in the normal subjects. 

The lighter work load (3 miles per hour on 
a 5 per cent grade) also caused a significant 
reduction in renal plasma flow in a second group 
of 5 subjects with aortic insufficiency. The 
data are included in table 3. The average ‘le- 
crease was 85 cc. per minute in the first work 
period and 104 cc. per minute in the second 
work period. The decrease was about 30 ce. 
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er minute less than was obtained in the group 
f cardiac subjects that walked on the 10 per 
ent grade. 

Although no normal subjects were exercised 
mn the 5 per cent grade in this study a compari- 
on of the data from the cardiac subjects on 
he 5 per cent grade can be made with data 
sreviously obtained on normal young men who 
valked 3 miles per hour on a 5 per cent grade." 

‘The average percentage reduction in renal 
plasma flow during the first work period was 
similar (17 and 18 per cent, respectively) for 
‘he cardiac and normal subjects; for the second 
work period the cardiac subjects showed an 


TaBLe 3.—Renal Plasma Flow 


Given in cc. per minute (corrected to 1.73 sq. M 
body surface) at rest and during two 16 minute walks 
at 3 m.p.h. on either a 5 or 10 per cent grade for 
normal subjects and patients with aortic insufficiency. 


| 
Plasma Flow Reduction, % 


- oe peat 
| Work | Work | Work | Work 
| Rest | period | paint | period ws 
| | " 

| A | ¥ 


i : | 
Normal, | | 
Mean 576/447 «(415 |: 23.3 | 28.0 
S.D. | | 60.5 | 92.5 | 66.8 9.65) 7.72 
vardiac | | | | 
Mean | 487 374 (360 | 23.2} 26.1 
S.D. | 79.9 65.5 | 82.8! 5.16 7.08 
Yardiae | & | | | 
Mean | 480 (395 (376 | 17.7 | 25.5 
S.D. | | 11.34) 55.7 | 63.0 | 7.88) 9.38 


average reduction in renal plasma flow of 26 
per cent and the normal group an average 
reduction of 27 per cent. 

The renal plasma flow during the two 20 
minute collection periods following the exer- 
cise tests varied considerably among the in- 
dividuals in both the cardiac and normal 
groups. In most cases, however, the renal 
p!asma flow returned to or exceeded the rest- 
iz levels at the end of 40 minutes of recovery. 


llistocardiogram 


\nalyses were made of the resting ballisto- 
«ediograms taken on 5 of the patients with 
tic insufficiency. The mean values for stroke 
y‘ume (145 cce.), cardiac output (9.16 liters 
minute), and cardiac index (4.99 liters of 


blood ejected per square meter of body surface 
per minute) are much larger than those ob- 
tained in 158 normal subjects tested on the 
same ballistocardiograph (stroke volume 89 cc., 
cardiac index 2.90 liters per sq. M. per min.) 


Discussion 


The maximal rate of oxygen intake which 
a person can attain is determined by several 
factors, the most important being the output 
of the heart. Contributory factors include the 
ventilatory capacity of the lungs, the ability 
of the blood to transport oxygen, distribution 
of blood to the working muscles and the effi- 
ciency of the oxygen unloading mechanism at 
the tissues.'*:17 In the normal and cardiac 
subjects employed in the present study the 
effect of the contributory factors may be as- 
sumed to be approximately equal. In normal 
young men the maximal oxygen intake (cc. 
per Kg. per min.) is proportional to physical 
work capacity and is related to the level of 
habitual physical activity... The similar ex- 
ercise habits of the normal and cardiac sub- 
jects would preclude a difference in the state 
of physical training as an explanation for the 
decreased maximal oxygen consumption. It 
seems reasonable to conclude, therefore, that 
the smaller maximal oxygen intake observed 
in the patients with aortic insufficiency re- 
flects a reduced performance capacity of the 
heart. 

The occasional occurrence of aortic insuffi- 
ciency in patients possessing considerable 
athletic prowess*> is not incompatible with the 
above conclusion. Several of our own cardiac 
subjects currently participate in strenuous com- 
petitive sports without difficulty. Other fac- 
tors, such as speed, coordination, and the ability 
to accumulate an oxygen debt are as impor- 
tant in athletic achievement as is the maximal 
oxygen capacity. 

Others have found the maximal oxygen ca- 
pacity to be reduced in cardiac patients. Herbst? 
measured maximal oxygen capacity in subjects 
with various valvular lesions and found that 
the reduction in maximal oxygen intake paral- 
leled the severity of the heart disease. Harrison 
and Pilcher'® noted that the presence of mitral 
stenosis was associated with a particularly 
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marked impairment of oxygen intake capacity. 
In functional class IV cardiac patients studied 
by Knipping® the resting oxygen consumption 
was identical with the maximal oxygen intake, 
indicating a complete loss of cardiac reserve. 
The failure of many authors to express maximal 
oxygen intake in terms of body weight has 
hindered comparison of results. 

Previous reports bearing on the efficiency of 
work performance by patients with heart dis- 
ease are conflicting. Nielson?® and Katz and 
his co-workers” found that cardiac patients 
consumed more oxygen while performing a set 
work task than did normal subjects. Peabody 
and Sturgis” on the other hand, noted an equal 
oxygen consumption in normal and compen- 
sated cardiac subjects performing a set task. 
The present study indicates that the presence 
of mild to moderate aortic insufficiency does 
not significantly increase the oxygen consump- 
tion during exercise or decrease the efficiency 
of work performance, at least if the work load 
does not exceed the maximal oxygen intake. 
This is in accord with the view of Simonson and 
Enzer.*® 

The significantly lowered resting renal 
plasma flow is additional evidence that there 
are measurable functional differences between 
individuals with compensated aortic insuffi- 
ciency and normai persons. Heller and Jacob- 
son” have recently observed that the resting 
renal plasma flow of 5 patients with rheumatic 
valvular heart disease, functional class I aver- 
aged 433 cc., a value that was 29.2 per cent 
below their normal mean value. Their 5 pa- 
tients, like those employed in this study, had 
never been in congestive heart failure. 

The similar percentage reduction in renal 
plasma flow observed in normal and cardiac 
subjects in response to exercise suggests that 
the mechanism involved in the shunting -of 
blood from the kidneys during work is con- 
cerned primarily with supplying sufficient blood 
to other tissues, probably the muscles, with 
less regard for the kidneys’ needs. 

Interpretation of the ballistocardiograms in 
aortic insufficiency is difficult and nothing defi- 
nite can be said about the effective cardiac 
output. Analysis of the records suggests that 
in the patients with aortic insufficiency the 


work of the heart exceeds that in the norma!. 
Calculation of stroke volume yields a mean 
figure (145 cc.) far in excess of that obtained in 
normal subjects (89 cc.). It seems probable 
that part of the difference between these two 
figures (56 cc.) is due to regurgitation of blocd 
into the left ventricle. From a comparison of 
cardiac output measured by the acetylene ard 
the roentgenkymographic method, Keys ard 
associates”: *4 found an efficiency of the valv:s 
of 60 to 90 per cent of normal in patients with 
aortic insufficiency that were clinically classi- 
fied as moderate to mild. Bay* estimated tht 
in aortic insufficiency from 15 to 87 ce. of 
blood flows backwards through the aortic valve 
after each stroke. 


SUMMARY 


The results of this study demonstrate several 
abnormalities of the cardiovascular physiology 
of patients with asymptomatic aortic insuffi- 
ciency. The performance capacity of the heart 
is impaired, as reflected by a diminished maxi- 
mal oxygen capacity. The kidneys are supplied 
with a subnormal volume of blood both during 
rest and during exercise. Also, it appears that 
with the patient at rest, the left ventricular 
muscle must perform more work than the nor- 
mal. Other functions tested, such as respiratory 
efficiency, work performance efficiency, and the 
resting oxygen consumption do not differ sig- 
nificantly from the normal. 
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ABSTRACTS 


BACTERIAL ENDOCARDITIS 


Pillsbury, P. L., and Fiese, M. J.: Subacute Bac- 
terial Endocarditis. Arch. Int. Med. 85: 675 
(April), 1950. 

This study concerns 31 patients with bacterial 
endocarditis treated with penicillin in the years 1944 
to 1946. Of these, 1 died after only 4 days of treat- 
ment. The remainder were followed either until 
death or until the year 1948. 

During the period of study, 10 patients died, 8 of 
heart failure and 2 of unrelated causes. One patient 
was still alive, but with overt heart failure and a 
recurrence of the infection still uncontrolled at the 
close of the period. Of those surviving, all but 8 
showed clearcut evidence of cardiac damage, de- 
termined by electrocardiograms, by roentgeno- 
graphic measurement of heart size, or by both pro- 
cedures. Two patients experienced late recurrence 
of the infection 24 and 31 months, respectively, 
after successful treatment. One of these instances 
may represent relapse, the other reinfection. Major 
embolic phenomena occurred in 8 patients at least 
one month after the start of adequate therapy. 
Petechiae, subungual hemorrhages, and Osler’s nodes 
appeared variously in 13 patients more than one 
month after therapy was started. Embolic episodes 
were without significance as to the effectiveness of 
antibacterial therapy. None of the patients showed 
evidence of a continuing renal lesion. 

BERNSTEIN 


BLOOD COAGULATION 


VanderVeer, J. B., Kuo, P. T., and Marshall, D. S., 
II: Experiences with Venous Thrombosis and Pul- 
monary Embolism, with Special Reference to 
Anticoagulant Therapy. Am. J. M. Sc. 219: 117 
(Feb.), 1950. 

This is a study of 222 cases of venous thrombosis 
with and without pulmonary embolism. Sixty-nine 
per cent of the patients were 40 years of age or 
older and 45 per cent were medical patients. Di- 
cumarol and heparin were used in 127 cases. In 40 
patients, there occurred few or no signs and symp- 
toms of peripheral venous thrombosis before the on- 
set of pulmonary embolism. Clinical and pathologic 
evidence proved that the source of the emboli in 
many of these patients was proximal to the deep 
veins of the legs. In only 5 instances, among a total 
of 46 patients with pulmonary embolism in whom 
electrocardiographic studies were available, was an 


acute “cor pulmonale pattern” evident. In 5 ot:er 
patients with electrocardiograms obtained withi:, 2 
hours of pulmonary embolization, an RS pattern of 
the QRS complexes appeared in aVyz and in le:ds 
made as far as the fourth and fifth precordial pssi- 
tions. This pattern usually disappeared within a 
few hours after the acute episode. Despite consicer- 
able vigilance, 13 patients died suddenly from mas- 
sive pulmonary embolism before treatment could 
be instituted. 

It seems rational to adopt a program of prophy- 
lactic therapy with anticoagulants in certain sus- 
ceptible groups of patients. Moderate reduction of 
prothrombin concentration with dicumarol may be 
inadequate to bring about the desired therapeutic 
effect. According to the authors’ experience, it is nec- 
essary to prolong and maintain the prothrombin 
time at 35 to 55 seconds (about 10 to 13 per cent of 
normal prothrombin concentration), using the Link- 
Shapiro technic of determination, in order to obtain 
optimum benefit. The authors found the dangers of 
such therapy to be minimal; hemorrhagic complica- 
tions were easy to control with vitamin K and blood 
transfusions, and mild drug reactions rarely inter- 
fered with the proper treatment of the patient. 

DuRANtT 


de Takats, G.: Anticoagulant Therapy in Surgery. 

J.A.M.A. 142: 527 (Feb.), 1950. 

The author describes the various ways in which 
anticoagulant therapy can be administered both 
prophylactically and in the treatment of intravas- 
cular clotting. It is pointed out that much less 
heparin or dicumarol is necessary to prevent clotting 
than to treat it. It is the author’s impression that 
heparin, given intramuscularly has fewer disadvan- 
tages than oral dicumarol. It appears necessary to 
taper off the injections of heparin by lessening the 
daily amount, since sudden discontinuance may 
lead to a rebound phenomenon and the possible 
production of intravascular clotting. 

ABRAMSON 


Ratnoff, O. D., Hartman, R. C., and Conley, C. 
Studies on a Proteolytic Enzyme in Hum 
Plasma. V. The Relationship Between the Pro'e 
lytic Activity of Plasma and Blood Coagulat 
J. Exper. Med. 91: 123 (Feb.), 1950. 

The authors attempted to determine whether 

relationship exists between the plasma proteol. t 

activity and the clotting of blood. They prepare | 
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julin fraction of plasma rich in proteolytic ac- 
ty which could be activiated by streptococcal 
inolysin. This fraction was deficient in pro- 
mmbin, thrombin, fibrinogen, plasma thrombo- 
tin, and accelerator globulin. Although this 
vulin fraction accelerated the clotting of plate- 
deficient plasma of normal persons, norelationship 
ld be demonstrated between its clot-accelerat- 
inp and its proteolytic activities.The clot-accelerat- 
effect was the same whether or not the proteoly- 
property of the globulin fraction had been 
sivated. It was concluded that proteolysis by 
vated plasma proteolytic enzyme is not an 
ntial stage in the coagulation of the blood. 
SCHWARTZ 


Miller, R., Harvey, W. B., and Finch, C. A.: An- 
tagonism of Dicumarol by Vitamin K Prepara- 
tions. New England J. Med. 242: 211 (Feb.), 1950. 
The potency of various vitamin K preparations 

in antagonizing the action of dicumarol was studied 
in animals and man under controlled conditions. In 
rats and dogs maintained on dicumarol, vitamin 
K, and K, oxide were effective in reducing pro- 
thrombin times, vitamin K, appearing to be the 
more active when given intravenously. In contrast 
to the effect of these compounds, the vitamin K 
preparations without the phytyl side chain (Hykin- 
one, Synkayvite and Menadione) had no demon- 
strable ability to lower the prothrombin time. The 
same type of results was obtained in human sub- 
jects. 

It was concluded that water-soluble vitamin K 
preparations have no antagonistic action in altering 
the fall in prothrombin activity produced by di- 
cumarol, while vitamin K, and K; oxide are very 
effective in this regard. These two preparations 
come, therefore, the only known means, except for 
blood transfusion, of treating the bleeding emer- 
gency of dicumarol toxicity. The effect of the water- 
soluble componds is evident only after the bulk of 
the dicumarol has been disposed of by the body. 

ABRAMSON 


Adamson, D. L., Weaver, R. T., and Jaimet, C. H.: 
A New View on the Use of Dicumarol in the Preg- 
nant Patient. Am. J. Obst. & Gynec. 59: 498 
(\farch), 1950. 

15 pregnant patients with signs suggesting 

cus thrombosis or with actual findings of this 
tion, dicumarol was administered either at the 
onse. of labor or several days before, with the thera- 
peu! c effect of the drug still being present at the 
time of delivery. No increase in immediate or de- 
laye | bleeding was observed as a result of the use of 
this medication. It was concluded that dicumarol, 
pro} rly administered, can be safely used ante par- 
tum, during labor, or post partum, and that such 

4 pr cedure will probably decrease the incidence of 

puln onary emboli and markedly reduce the number 


of cases of painful, swollen legs arising from venous 
complications of pregnancy. 


ABRAMSON 


Chernoff, A. I.: Anaphylactic Reaction following In- 
jection of Heparin. New England J. Med. 242: 
315 (March), 1950. 

The author reports the case of a 54 year old man 
with a diagnosis of acute anterior myocardial in- 
farction who received 50 mg. of heparin intrave- 
nously. This injection was followed immediately by 
an acute anaphylatic reaction with cyanosis, pro- 
fuse perspiration, red macular rash over all the 
body and great difficulty in breathing. The patient 
was given epinephrine subcutaneously, oxygen and 
Benadryl, and recovered uneventfully. 

Tests on the solution of heparin used showed it to 
comply with the standards of the Council on Phar- 
macy and Chemistry of the American Medical Asso- 
ciation. Efforts to determine whether the reaction 
was due to sensitivity to heparin or to contaminating 
proteins were not conclusive. However, the facts 
that the patient reacted more (on direct skin test) 
to the heparin solution than to beef and pork pro- 
tein extracts, and that he reacted to 2 different solu- 
tions of heparin, though they came from different 
animal sources, suggested that there was hyper- 
sensitivity to heparin itself. The passive-transfer 
data were likewise suggestive. 

NADLER 


Butler, J. J.. and James, D. F.: Major Bleeding Re- 
sulting from a Single Dose of Dicumarol. Ann. 
Int. Med. 32: 731 (April), 1950. 

Because a 31 year old Negro woman developed 
an acute femoral thrombophlebitis and evidences of 
pulmonary infarction during an acute illness, anti- 
coagulant therapy with dicumarol was instituted. 
However, following the initial dose of 300 mg. of 
this drug, its use was discontinued because of hemor- 
rhagic phenomena and a progressive and exaggerated 
prolongation of the prothrombin time which oc- 
curred within a 48 hour period following its ad- 
ministration. Coincident with these hemorrhagic 
complications, which were satisfactorily controlled 
by the intravenous infusion of 500 mg. of vitamin 
K, oxide, there was a rise in the blood urea nitrogen 
and generalized anasarca developed. During the 
succeeding month, she gradually became cyanotic, 
lethargic, confused, extremely dyspneic, and died in 
terminal uremia. 

The most striking finding at autopsy was periar- 
teritis nodosa. In addition, there was a focal myo- 
cardial necrosis, fibrinous pleuritis and pericarditis, 
acute ulceration of the esophagus and stomach with 
recent massive gastrointestinal hemorrhage and a 
localized peritonitis covering the broad ligament. The 
arterial lesions associated with these findings were 
generally very acute in nature and consisted of 
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fibrinoid degeneration involving a part, or the en- 
tire circumference, of the arterial wall. 

This is believed to be the first report of bleeding 
following one dose of dicumarol in a human being. 
Its occurrence is related to the presence of the 
marked changes of the kidney glomeruli with re- 
sultant severe impairment of renal function. 

WENDKOS 


Rice, R. L., Ackerman, J. S., and Saichek, R.: Long 
Term Dicumarol Therapy. Ann. Int. Med. 32: 
735 (April), 1950. 

In 1944, at the age of 48, a male physician sus- 
tained his first myocardial infarction. Approximately 
one year later, he had another episode of severe pre- 
cordial pain, complicated by manifestations of pul- 
monary infarction. He then received dicumarol for 
two weeks and made an uneventful recovery from the 
pulmonary complication. Three months afterward, 
he again developed evidences of pulmonary infarc- 
tion but no dicumarol was prescribed. A month 
later, he again displayed the picture of recurrent 
pulmonary infarction. Because of these repeated 
bouts of pulmonary infarction, he was placed on a 
regular maintenance dose of dicumarol continuously 
from October 1945 until June 1947 and remained 
well while taking the drug. In September 1947, he 
suffered another episode of pulmonary infarction. 
Continuous treatment with dicumarol was immedi- 
ately re-instituted. Since then, no further thrombo- 
embolic complications have recurred. Five hundred 
to 550 mg. of dicumarol per week, in divided daily 
doses, have proven effective in maintaining a pro- 
thrombin level of about 35 per cent. Lower pro- 
thrombin levels occurred with this dose of dicumarol 
when aspirin of sulfonamides were coincidentally 
given. In all, 66,300 mg. of dicumarol were taken 
over a period of 40 months without any adverse 
efiects except for occasional mild hemorrhagic phe- 
nomena (bleeding gums, petechial and cutaneous 
hemorrhages). The latter was readily controlled by 
a temporary reduction in the intake of dicumarol. 

WENDKOs 


McClaughry, R. I., and Seegers, W. H.: Prothrom- 
bin, Thromboplastin, Ac-Globulin and Platelet 
Accelerator: Quantitative Interrelationships. 
Blood 5: 303 (April), 1950. 

Since it has been shown that purified prothrombin 
can be activated simply by dissolving the protein 
in a 25 per cent solution of sodium citrate, under 
which conditions autocatalysis occurs and thrombin 
is formed, it is evident that nothing need be sup- 
plied by the physiologic activators such as calcium, 
thromboplastin or accelerators. They are merely con- 
cerned with the rapid activation of prothrombin. The 
physiologic activators of prothrombin can be di- 
vided into two main classes. One is represented by 
the traditional thromboplastin and the other by the 
co-factors of thromboplastin or accelerators. Either 


class of activators alone does not activate purified 
thromboplastin rapidly; the two must act together 
to accomplish this end. The accelerator groups of 
activators are represented by plasma Ac-globulin, 
serum Ac-globulin, and platelet accelerator. 

Heretofore, it has been feasible to measure thro.n- 
bin quantitatively by rate of fibrinogen clotting, and 
prothrombin by allowing complete activation «nd 
then measuring thrombin concentration. The authors 
measure the activity of the activators by follow ng 
the rate with which a standard prothrombin solut'on 
is converted. Using this method, they present 
further experimental evidence to show that threm- 
boplastin is a catalyst of prothrombin activat on 
just as is serum Ac-globulin. It is also shown that 
the substitution of Ac-globulin for thromboplasiin, 
demonstrated by Owren, can be carried out oi a 
quantitative basis. Thus, if there is a deficiency of 
thromboplastin co-factor, the possibility exists that 
it may be largely compensated for by thromboplastin, 
and vice versa, indicating that buffer-like arrange- 
ments exist. The similarity in reaction rates, using 
serum Ac-globulin and platelet accelerator, indicates 
that the accelerator material from platelets is present 
in an active form. Plasma Ac-globulin, in contrast, 
is probably inactive and is made more active by 
thrombin. 

BEIzER 


CONGENITAL ANOMALIES 


Conn, J. J., Clark, T. E., and Kissane, R. W.: Cor 
Biloculare. Report of Four Cases. Am J. Med. 8: 
180 (Feb.), 1950. 

Three of 4 patients with cor biloculare died in the 
first four days of life with dyspnea and cyanosis. 
The first showed at autopsy a common auricle and 
a large right ventricle with a rudimentary left 
ventricle existing as a narrow slit on the muscle of 
the anterior wall of the right ventricle. The second 
had a common ventricle larger than a normal right 
and left ventricle combined, a normal sized right 
auricle and a left auricle existing as a tag at the 
base of the ventricular mass. There was a quadri- 
cuspid auriculoventricular valve and the pulmonary 
artery arose from the common ventricle, giving rise 
to a right and left pulmonary artery, and then nar- 
rowing to form a functioning aorta. The third in- 
fant had a single auricle and ventricle separated by a 
tricuspid valve, the ventricle giving rise to a single 
arterial trunk, the latter leading to a right and left 
pulmonary artery and then to a structure similar 
to the aorta. The fourth patient was a 3 year old 
cyanotic and polycythemic boy with long-staning 
congestive heart failure, never able to walk «nd 
hardly able to talk. He showed a loud precor ‘ial 
systolic murmur most intense at the cardiac b.se. 
Postmortem examination showed a large right aui ‘cle 
demarcated from a very small left auricular «p- 
pendage, a dilated tricuspid valve, a single vent cle 
and a stenosed pulmonic valve. Additional findiugs 
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wre transposition of the abdominal viscera, ab- 
seace of the spleen-and moderate hydrocephalus. 
LEVINE 


Conn, J. J., Clark, T. E., and Kissane, R. W.: Cor 
Triloculare, Report of Four Cases. Am. J. Med. 
8: 187 (Feb.), 1950. 

The existence of cor triloculare, like that of cor 
biloculare, should always be eliminated when the 
surgical correction of a congenital cardiac defect is 
being considered. The authors describe the clinical 
and pathologic features of 4 such cases, the ages of 
the patients being 35 years, 20 days, 9 days and 7 
duys. This series enforces the authors’ belief that 
congenital cardiac anomalies are usually multiple 
rather than single. The authors feel that if the in- 
jection of radiopaque substance and the circulation 
time reveal the presence of a septal defect with no 
thrill felt or murmur heard, the probability of cor 
biloculare or triloculare should be considered. They 
also feel that catheterization should be a great aid 
in the identification of these congenital cardiac 
lesions. 

LEVINE 


Derra, A.: Blalock’s Operation in Congenital Pulmo- 
nary Stenosis. Deutsche med. Wehnschr. 75: 295 
(March), 1950. 

The author performed Blalock’s operation in 34 
cases, 5 of whom died. Data are presented on 7 of 
the cases. All of the latter patients were cyanotic 


children below 10 years of age. Six cases were diag- 
nosed as Fallot’s tetralogy and 1 as tricuspid atresia. 
The results, 3 to 4 weeks after operation, were as 
follows: the cyanosis disappeared in 2 cases and was 
present to a lesser degree in 4 cases; 2 cases died 
the first 28 hours after surgery from a hemothorax 
following a pleural tap, and the other died in coma 
39 hours after operation. Signs of chronic increase of 
intracranial pressure were found in this case at 
autopsy. 
Pick 


Zimdahl, W. T., and Chapman, D. W.: Intracardiac 
Catheterization. Ann. Int. Med. 32: 489 (March), 
1950. 

Among 25 patients in whom intracardiac cath- 
ete:ization was performed and in whom blood sam- 
ples from the vena cava, right auricle, right ven- 
tricle, and pulmonary artery were analyzed for 
ox) zen content, it was possible to make a diagnosis 
of interatrial septal defect in 5 cases, of interven- 
tric lar septal defect in 4 cases, of patent ductus 
art-riosus in 10 cases, of a combined interatrial 
septal defect and anomalous pulmonary vein in 1 
cas.. Uncomplicated interatrial septal defect was 
esti: lished by finding a significant increase in the 
oxyzen content of the blood in the right auricle as 
com)ared to that of the blood in the superior vena 
cav.. Uncomplicated interventricular septal defect 
was established by a signficant increase in the 


oxygen content of the blood in the right ventricle 
as compared to that of the blood in the right auricle. 
Patent ductus arteriosus was established by finding 
a significantly greater oxygen content in the blood 
from the pulmonary artery than was present in 
the blood within the right ventricle. The diagnosis 
of combined interatrial septal defect and anomalous 
pulmonary vein emptying into the superior vena 
cava was established by finding the oxygen content 
in the blood of the right auricle to be greater than 
that in the blood from the right ventricle and the 
oxygen content in the blood from the superior vena 
cava to be more than 50 per cent higher than that 
in the blood from the right ventricle. 
WENDKOS 


Wilson, J. E. Congenital Cyanotic Heart Disease— 
Follow-up Studies In Forty Operated Cases. 
Thorax 5: 73 (March), 1950. 

An analysis was made of the results of operation 
on 40 cases of congenital heart disease with cyanosis. 
There were 35 cases of tetrology of Fallot (873 per 
cent), 2 cases of pulmonary stenosis associated with 
interatrial defects (5 per cent), 2 of ‘underdeveloped 
right ventricle”, and one case in which the actual 
pathology was not definitely determined but which 
was thought to be a case of aortic stenosis associated 
with interatrial septal defect with a small function- 
ing patent ductus arteriosus. The Blalock operation 
(anastamosis of the subclavian artery to the pulmo- 
nary artery) was performed on this series. Of the 
48 cases, there were 5 deaths (124 per cent). Two 
deaths were classified as “anesthetic deaths,” one 
patient dying before the operation was started. 

The remaining 35 cases were followed for periods 
ranging from 3 months to over a year. These patients’ 
postoperative status was compared to their pre- 
operative condition according to their capacity for 
exercise, height and weight, hemoglobin level, 
erythrocyte count, degree of cyanosis, and arterial 
oxygen saturation levels at rest and after exercise. 
On this basis it was determined that the results of 
the operation Were excellent in 8 cases (20 per cent), 
very good in 10 cases (25 per cent), good in 6 cases 
(15 per cent), fair in 8 cases (20 per cent), and poor 
in one case (23 per cent). Two cases were unchanged 
(5 per cent). 

KLosk 


Innerfield, I.: Lutembacher’s Syndrome Associated 
with Dextrocardia. Arch. Int. Med. 85: 490 
(March), 1950. 

A case of interauricular septal defect combined 
with mitral stenosis (Lutembacher’s syndrome) and 
associated with dextrocardia is reported. There was 
no situs inversus present. The diagnosis was made 
on the basis of angiocardiographic and cardiac 
catheterization studies. This case is apparently the 
first of its kind to be reported. 

BERNSTEIN 
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Felson, B., Cohen, S., Courter, S. R. and McGuire, 
J.: Anomalous Right Subclavian Artery. Radio- 
logy 54: 340 (March), 1950. 

The authors describe the roentgenographic find- 
ings in a series of 9 cases of anomalous right sub- 
clavian artery. They found that the anomalous 
right subclavian artery arises distal to the left sub- 
clavian artery and courses to the right, usually 
posterior to the esophagus. In doing so there is a 
characteristic imprint on the right side of the barium 
filled esophagus above the aortic indentation (from 
the left) in the posteroanterior position. Often an 
oblique filling defect in the esophagus, passing from 
the aortic imprint to the marginal indentation 
described above, can be seen in the posteroanterior 
and left oblique views. In the right and left oblique 
positions an indentation of the esophagus from be- 
hind may be demonstrated. 

A review of the literature indicates that in 80 per 
cent of 134 cases of anomalous right subclavian 
artery the vessel crossed the midline between the 
esophagus and the spine, in 15 per cent between 
the esophagus and the trachea, and in the remaining 
5 per cent anterior to both esophagus and the 
trachea. The imprint on a barium filled esophagus 
in the first two categories would be from behind, 
in the third category the imprint would be in front. 

ScHWEDEL 


Elster, S. K.: Congenital Atresia of the Pulmonary 
and Tricuspid Valves. Am. J. Dis. Child. 79: 692 
(April), 1950. 

The author reports the case of a 6 week old infant 
who had persistent cyanosis since birth and was 
poorly developed, lethargic, and dyspneic. The heart 
sounds were of good quality, but a soft, blowing 
systolic murmur, not accompanied by a thrill, was 
heard in the second, third, and fourth intercostal 
spaces, close to the sternum. Fluoroscopy revealed 
a globular shaped heart, enlarged mostly to the 
left. The electrocardiogram showed peaking of the 
P waves in Lead II with no axis deviation. The 
child died at 10 weeks of age. At necropsy both the 
pulmonic and the tricuspid valves were completely 
closed off by a diaphragm with resultant hypoplasia 
of the right ventricle. The right auricle was greatly 
enlarged, communicating with the left auricle 
through a patent foramen ovale. The aorta com- 


municated with the pulmonary artery through a 


patent ductus arteriosus. A bronchopneumonia was 
apparently the immediate cause of death. Five 
similar cases with atresia of the pulmonary and 
tricuspid valves have been reported in the liter- 
ature. 

MARGOLIES 


Lequime, J., Callebaut, C., and Denolin, H.: The 
Phenomenon of Squatting in Patients with Con- 
genital Heart Disease. Cardiologia 15: 175, 1950. 
Patients with congenital heart disease and cya- 


nosis do not always assume the squatting position: 
they often prefer other postures. The authors studied 
the changes of the oxygen content of the arteri:.| 
blood with the oximeter in patients with congenit: | 
heart lesions after they were made to assume diffe; - 


ent positions. No changes of the oxygen content of 
the arterial blood were observed in normals and in 
acyanotic patients with congenital heart disease. | 
cyanotic patients with congenital heart lesions, cn 
the other hand, squatting led to an increase of t!e 
oxygen content of the blood. After a Blalock-Tauss ¢ 
operation these changes diminished or disappeare|. 
SCHERF 


CONGESTIVE HEART FAILURE 


Shillingford, J. P.: The Red Bone Marrow in Heart 

Failure. J. Clin. Path. 3: 24 (Feb.), 1950. 

The author describes the results of the gross ex- 
amination of the femoral bone marrow at necropsy 
of 200 selected subjects, including patients with 
various types of heart failure and normal controls. 
In subjects with essential hypertension, either benign 
or malignant, dying from causes other than heart 
failure, the amount of red hematopoietic marrow 
in the femur showed little variation from that in the 
control groups. In both male and female subjects in 
whom heart failure had been associated with hyper- 
tension for periods of at least one month before 
death, there was a marked increase in the hemato- 
poietic marrow. In a group of patients with mitral 
stenosis and a group with emphysema there had 
been cardiac failure clinically; all had some in- 
crease in red bone marrow, but not as great as in 
the hypertensive cases. In 8 of 16 male subjects 
who had died from heart failure secondary to a pure 
aortic valve lesion, either aortic stenosis or aortic 
incompetence, there was a significant increase in red 
marrow. In this series of cases, the greatest hyper- 
plasia was observed in the marrows of the hyper- 
tensive group of patients, who, on the whole, are 
less cyanosed and have a higher oxygen tension 
than the emphysematous or mitral stenotic groups. 
This suggests that some factor other than anoxia is 
responsible. 

BEIZER 


De Vries, A., Fryd, C. H., and Gitelson, S.: Ob- 
servations in Heart Failure. Cardiologia 15: 368, 
1950. 

The effect of the administration and withdrawal 
of salt in a case of cor pulmonale and heart failure 
was studied. The patient was a 55 year old man with 
dyspnea and cyanosis caused by emphysema. There 
was evidence of congestive heart failure with marked 
edema. With a diet containing approximately !5 
Gm. of salt and with the injection of 2 cc. of Mer 
cupurin, the weight decreased from 65 Kg. to 52 hs. 
When the weight and venous pressure became sta!)i- 
lized the addition of 8 Gm. of salt daily resulted 2 
an increase of weight by 2 Kg. but the venous prt ;- 
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cure remained normal at 10 cm. About 10 days 
jeter the weight of the patient was unchanged but 
the venous pressure had risen to 19.5 em. Salt with- 
c-awal led, within 6 days, to a fall of venous pressure 
6 cm. without any changes of body weight. There 
is always a considerable time lag before changes of 
nous pressure appeared consequent to adminis- 
t ation or withdrawal of salt. The authors conclude 
{ om their observations that an increase of venous 
essure does not indicate increased back pressure 
{om the weakened heart but is caused by a change 
mineral balance and/or changes in cellular and 
tracellular fluid. 
ScCHERF 


QRONARY ARTERY DISEASE, MYO- 
CARDIAL INFARCTION 


Ciarke, W. T. W.: Centrilobular Hepatic Necrosis 
Following Cardiac Infarction. Am. J. Path. 26: 
249 (March), 1950. 

Centrilobular hepatic necrosis, commonly seen in 
shock following trauma, burns and anaphylaxis, 
was noted in 9 of a series of 50 quickly fatal cases of 
myocardial infarctions. This lesion consists of a dis- 
association of the liver cells with a concurrent eosin- 
ophilia of the cytoplasm, so that striking structural 
and color changes occur. In the beginning, liver 
cells change little in size or shape, but their nuclei 
undergo pyknosis. These changes are seen best around 
the central veins. Hemorrhage may complicate the 
picture. With or without it, the disassociated cells 
are surrounded by infiltrating polymorphonuclear 
leukocytes and within a few days they disintegrate, 
leaving the sinusoids and the reticulin fibers. 

In patients dying 6 weeks after myocardial in- 
farction, no trace of this liver lesion was noted, sug- 
gesting that regeneration had quickly occurred. 
Shock was present in 5 of the 9 cases which showed 
the lesion, an incidence greater than that seen in 
myocardial infarction without liver necrosis. These 
cases were also featured by hypertension. The ma- 
jority died within 2 weeks of their original myo- 
cardial infarction. 

GOULEY 


Segall, H. N.: The Principal Patterns of Cardiac 
Pain Related to Arteriosclerotic Coronary Artery 
Disease. Canad. M. A. J. 62: 341 (April), 1950. 
The author distinguishes 3 types of cardiac pain 

on the basis of duration and the presence or absence 

of « trigger mechanism. The mild type, which is 
called “chronic”, is brief (1 to 5 minutes), initiated 
most commonly by walking outdoors, and is re- 
lieved or aborted by nitroglycerin. The subacute type 
lasts 5 to 15 minutes and there is no obvious trigger 
meci'anism. Transient S-T segment depression may 
be ‘ound in Leads I and II. Nitroglycerin is less 
effective. This may represent hemorrhage into an 
arte:iosclerotic plague. This type of heart pain fre- 
que: tly represents the prodromal stage preceeding 


acute coronary artery disease. The acute type is 
called coronary occlusion with myocardial infarction, 
lasts several hours, seems to have no trizger mech- 
anism and is unrelieved by nitroglycerin. A patient 
with any 1 of the 3 types may have had one or both 
of the other types, and is a candidate for the other 


> two. 


WAIFE 


Kammerling, E., Lewis, G. N., and Ehrlich, L.: 
Recurrent Post-Iafarctional Shoulder-Hand Syn- 
drome. New England J. Med. 242: 701 (April), 
1950. 

The shoulder-hand syndrome has been found to 
occur with traumatic and suppurative peripheral 
leisons, disease of the spinal cord and ganglia, cerebral 
lesions and vascular pathology including myocardial 
infarction. 

Three phases have been described: (1) pain, limi- 
tation of motion, and diffuse tenderness of the 
shoulder with swelling, pain and stiffness of the 
fingers and hands; (2) relief of shoulder pain with 
decreased swelling of hand, concomitant with early 
trophic changes in the skin and muscles of the hand 
and osteoporosis of the bones; (3) marked trophic 
changes in the hands. 

The authors report a case whose shoulder-hand 
syndrome occurred bilaterally following an acute 
anterior myocardial infarction. 

NADLER 


Helander, S.: The Prognosis of Myocardial Infarc- 
tion andthe Comparability of Different Degrees of 
Infarction. Cardiologia 15: 347 1950. 

A series of 193 cases of infarction was divided into 

3 groups. Group 1 included patients with all the 

clinical and electrocardiographic signs of infarction 

as well as shock and a fall of blood pressure to below 

100, or, in case of previous hypertension, with a 

fall of blood pressure to less than two-thirds of its 

former value. Group 2 included patients who showed 
an infarction electrocardiogram, elevated temper- 
ature, increased ‘sedimentation rate and leukocy- 

tosis. Group 3 contained patients with an infarction . 

electrocardiogram but no, or very little, change of 

temperature, leukocyte count or sedimentation rate. 

The mortality of the entire series was 39 per cent. 

The mortality of group 1 was 57 per cent, that of 

group 2 was 22 per cent and there were no fatalities 

in group 3. 

ScHERF 


ELECTROCARDIOGRAPHY 


Heinen, W., and Loosen, H.: The Relationship of 
Q-T Duration to Heart Rate duriag Exercise. 
Ztschr. f. Kreislaufforsch. 38: 712 (Dec.), 1949. 
The authors devised a method for the registration 

of an electrocardiozgram during exercise. The exercise 

was performed in the sitting position by the lower 
extremities driving a wheel attached to an ergome- 
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ter. The Q-T duration obtained in Lead I was meas- 
ured according to the formula of Fridericia. In 22 
healthy subjects it was noted that following exercise 
the Q-T duration initially remained unchanged de- 
spite an increase in the heart rate and only became 
shorter after 2 to 3 minutes. This shortening per- 
sisted when, following cessation of exercise, the heart 
rate became slower. The return to normal Q-T 
values was sometimes prolonged over a period of two 
minutes. 
Pick 


Deutsch, E., Hofmann-Credner, D. and Wenger R.: 
The Value of Esophageal Electrocardiography for 
the Diagnosis of Enlargement of the Left Auricle. 
Ztschr. f. Kreislaufforsch. 38: 718 (Dec.), 1949. 
The authors attempted to prove enlargement of 

the left auricle by esophageal leads in cases with 

questionable radiologic evidence (early mitral ste- 
nosis, congenital anomalies, high diaphragm). The 
distance P-Q (beginning of auricular complex to 
beginning of QRS) and the distance i-Q (end of 
descending limb of the auricular complex to the 
beginning of QRS) were measured in esophageal 
leads taken on 40 normal persons. The quotient 

P-Q/i-Q was then compared with the value found in 

patients with proved left auricular dilatation. In 

the normal group this quotient averaged 1.7 and 
never exceeded the value of 2.0. In cases with left 
auricular enlargement the quotient was found to be 


invariably more than 2.0 (2.49 on the average). 
Certain corrections of the measurements had to be 
made in cases with an abnormally long or short A-V 
conduction time. 


Pick 


Schlachman, M., and Scherf, D.: The Effect of 
Ergotamine Tartrate on the Abnormal Electro- 
cardiogram in Patients Previously Prepared with 
Tetraethylammonium Chloride. Am. Heart J. 39: 
69 (Jan.), 1950. 

The authors studied the direct action of ergot- 
amine tartrate on heart muscle and coronary ar- 
teries by blocking the autonomic ganglia with 
tetraethylammonium chloride (TEAC). Sixteen 
hypertensive patients showing electrocardiographic 
patterns of left ventricular strain were studied 
after intravenous injection of TEAC. In some 
patients, the effect of TEAC on the blood pres- 
sure and electrocardiogram was followed for 40 
minutes, while in others an intravenous injection of 
ergotamine tartrate was given 3 to 10 minutes after 
the TEAC injection and was followed by electro- 
cardiographic and blood pressure recordings for 30 
minutes. 

The results indicated that blockade of autonomic 
ganglia with TEAC does not alter the normalization 
of organically inverted T waves by ergotamine tar- 
trate. Preliminary preparation of patients with 
TEAC enhanced the vasoconstricting properties of er- 


gotamine tartrate and eliminated its sympathicoly tic 
component. It is concluded that the normalization 
of organically inverted T waves by ergotamine tar- 
trate is due to its vasoconstricting action on the 
coronary arteries with resultant change in the re- 
polarization of the myocardium and not to its sy m- 
pathicolytic component. 
SCHWARTZ 


Hellerstein, H. K., and Liebow, I. M.: Factors 
Influencing the T Wave of the Electrocardiogram, 
An Experimental Study Employing Iatracavitary 
and Extraventricular (Epicardial) Leads. mm. 
Heart J. 39: 35 (Jan.), 1950. 

Intra- and extraventricular exploring unip:lar 
leads were used to study the effects of coolinz and 
heating the endocardium and epicardium of dogs 
with saline of various temperatures. Negative T 
waves were found to occur in the cavity when the 
endocardium was cooled or the epicardium was 
heated, and on the epicardium or precordium when 
the epicardium under the electrode was cooled, 
when the endocardium subjacent to the epicardial 
exploring electrode was heated or when the endo- 
cardium of the opposite wall was cooled. Positive 
T waves were found to occur in the cavity when the 
endocardium was heated or the epicardium was cooled, 
and on the epicardium or precordium when the sub- 
jacent epicardium was heated or when the sub- 
jacent endocardium was cooled. Thus, negative T 
waves occurred where the exploring electrode sub- 
tended areas of relatively or absolutely retarded 
repolarization, whereas positive T waves occurred 
where the exploring electrode subtended areas of 
relatively or absolutely accelerated repolarization. 

The experimental results give direct evidence of 
the theoretically expected effect of the rate of re- 
polarization on the T wave of the electrocardiogram 
and show the fundamental importance of the spatial 
relationship of the exploring electrode to the modified 
area. The authors discuss the practical value of these 
observations, particularly in regard to clarification 
of the electrocardiographic findings in such clinical 
conditions as pericarditis and myocardial infare- 
tion. 

SCHWARTZ 


Zinn, W. J., and Cosby, R. S.: Myocardial Infarc- 
tion. II. A Re-evaluation of the Diagnostic Ac- 
curacy of the Electrocardiogram. Am. J. Med. 8: 
177 (Feb.), 1950. 

In an effort to evaluate the importance of the 
electrocardiogram as a diagnostic aid in myocardial 
infarction and, in particular, the value of taking 
multiple precordial leads, the electrocardiograms of 
a series of 306 autopsy-proved cases of myocariial 
infarction were examined. A single precordial lvad 
in addition to the three standard leads offered pat- 
terns suggestive of myocardial infarction in oly 
51.5 per cent of 256 cases. History combined w th 
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p iysical examination offered evidence of infarction 
i. 70 to 76 percent of all cases reviewed. Multiple 
pecordial leads in addition to the three standard 
lads gave evidence of infarction in 80 per cent of 50 
1 -cropsied cases reviewed. Localization of the infarct 
was accurate in 76 per cent of 111 cases diagnosed 
\ ith a single precordial lead and in 92.5 per cent of 
4) cases diagnosed with multiple precordial leads. 
‘ihe three main factors responsible for interfering 
vith the diagnosis of infarction were the presence of 
handle branch block, left ventricular strain or digi- 
talis effect. Of all the cases with infarction, in less 
than 3 per cent of the group studied with one chest 
lead, and in none of the group studied with multiple 
chest leads, was a normal electrocardiogram re- 
corded. Hence, repeated normal tracings in the 
presence of suspected infarction represent strong 
evidence that no infarction has occurred. The au- 
thors consider that the limitations of three standard 
leads augmented by only a single CF, precordial 
lead are sufficiently great that multiple precordial 
lead technic should become routine office and hospi- 
tal procedure whenever the question of myocardial 
infarction arises. 
LEVINE 


Ljung, O.: Mild Hypothyreosis Causing Electro- 
cardiographic Changes Suggesting Coronary In- 
sufficiency. Acta med. Scandinav. 187: 120 (Feb. 
2), 1950. 

This is a report of four instances of electrocardio- 
graphic changes associated with hypothyroidism 
without myxedema. The T waves beame low or flat 
in the limb leads following surgical or thiouracil 
therapy. The author states that the clinical diag- 
nosis of hypothyroidism is difficult. Generalized 
undue fatigue and occasionally shortness of breath 
are present. The basal metabolic rate and serum 
cholesterol levels may be within normal limits. The 
diagnosis depends chiefly on the clinical and electro- 
cardiographic response to thyroid extract. Abnormal 
T waves during rest and/or after exercise may sug- 
gest coronary insufficiency unless the clinician con- 
sidlers the diagnosis of hypothyroidism without frank 
myxedema. 

WAIFE 


Sodi-Pallares, D., Barbato, E., and Delmar, A.: 
Relationship between the Intrinsic Deflection and 
Subepicardial Activation. An Experimental Study. 
\m. Heart J. 39: 387 (March), 1950. 
in direct unipolar leads, the intrinsic deflection 

is ‘he rapidly inscribed line that goes from the point 

0: greatest positivity to the one with greatest nega- 

ti ily if there is an S wave, or to the isoelectric line 

if ‘here is not an S wave. The present study seeks 
to clarify what portion of the intrinsic deflection 
co; esponds to the activation of the muscle in con- 
tac! with the exploring electrode. : 

nipolar and bipolar epicardial ‘leads (method of 


Harris) were obtained in the exposed canine dog 
heart, simultaneously with Lead II. The authors 
found that a single rapid deflection is obtained with 
the bipolar lead if the electrodes are close enough to 
each other. Since this deflection does not change in 
shape if right bundle branch block is produced, or 
if premature contractions of the right or left ventricle 
occur, the greatest deflection of bipolar leads cor- 
responds to the activation of the small muscular 
region in contact with the electrode. The greatest 
deflection disappears or is reduced if the subepi- 
cardial muscular tissue in contact with the electrode 
is injured. The authors present a theoretic explana- 
tion of why the apex of the greatest deflection of the 
bipolar lead is considered to correspond to the 
arrival of the activation wave at the subepicardial 
muscle. The apex of the greatest deflection of the 
bipolar lead was referred to a point on a simul- 
taneously recorded Lead II, and then the point 
thus marked in Lead II was transferred to the uni- 
polar direct epicardial lead. In the unipolar lead, 
this point always coincided with the intrinsic deflec- 
tion. It was found that the lowest part of the in- 
trinsic deflection or its lower third corresponded with 
the arrival of the wave to the subepicardial muscle. 
This confirmed the views of Wilson. 
HELLERSTEIN 


Jaffe, H. L.: Electrocardiographic Changes of Cor- 
onary Insufficiency during the Formative Stage 
of Coronary Occlusion. J. Mt. Sinai Hosp. 16: 
404 (March-April), 1950. 

The author points out that in approximately half 
the cases, an attack of acute coronary occlusion is 
preceded by symptoms of coronary insufficiency of 
varying severity, as a result of a gradual encroach- 
ment of the thrombus on the lumen of the coronary 
artery. The premonitory period may be mild, with 
only anginal pain, or severe enough to result in sub- 
endocardial necroses. During this period the elec- 
trocardiogram may remain normal or it may present 
the changes seen in coronary insufficiency, namely 
RS-T depression or T-wave inversion. The changes 
may be brief or may persist for weeks until occlusion 
is complete and the acute attack occurs. 

The use of anticoagulants in the premonitory 
phase of coronary occlusion is discussed, and it is 
admitted that it would be very difficult to evaluate 
their effect in preventing occlusion because of the 
impossibility of foretelling whether there would be 
spontaneous subsidence or progression to complete 
occlusion in any given case. 

CorRTELL 


PATHOLOGIC PHYSIOLOGY 


Wolff, H. H. and Pochin, E. E.: Quantitative Ob- 
servations on Vascular Reactions in Human Digits 
in Response to Local Cooling. Clin. Sc. 8: 145, 
1949. 
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The authors report their quantitative observa- 
tions on the vasodilator after-reactions which occur 
in fingers upon withdrawal from cold water. The 
subjects of their study were young, healthy males 
with no history or evidence of circulatory disturb- 
ance or of chilblains on their hands. 

The magnitude of the after-reactions increased 
as the cooling temperature was lowered, with the 
duration of cooling up to one and one-half hours, 
and with the size of the preceding “hunting reaction” 
(a phasic rise and fall in temperature during im- 
mersion). The after-reactions could be delayed by 
two hours or longer depending on the subject’s 
general and local vasomotor tone. In some, vasodila- 
tation persisted for as long as two to three hours. 
Arterial occlusion during or after exposure to cold 
failed to influence the magnitude of the reaction, in 
spite of the transient period of reactive hyperemia 
which followed release of the circulation but. pre- 
ceded the after-reaction. There was no significant 
change in the finger volume in the experiments done. 
Therefore, any chemical substances liberated as a 
result of tissue injury and responsible for the after- 
reaction must be both stable and fixed in the tissues, 
rather than freely diffusible. 

The authors suggest that the after-reaction might 
be the basis of chilblains in an affected subject. The 
relevant abnormality in such subjects might be one 
of several kinds: abnormal tissue cooling; an altered 
temperature threshold for after-reactions; an ab- 
normal delay of after-reactions by local or general 
vasomotor tone; undue duration or degree of after- 
reaction following cooling; impaired circulation dur- 
ing cooling from reduced hunting-reactions; capillary 
permeability of protein during the after-reaction, 
or the rate of lymphatic removal of fluid so formed. 

GOSFIELD 


Paes, E.: Chemical Mediators as Promoting Agents 
of the Origin of Heart Rhythm. Am. J. Physiol. 
159: 467 (Dec.), 1949. 

Isolated left auricles of rabbit hearts may be 
activated to regular automaticity by an aqueous 
extract of S-A and A-V nodal tissue. The extracts 
lose their rhythm-inducing capacity when heated to 
60 C., but a combination of acetylcholine and 
epinephrine (not active alone) may restore the 
inactivated extract to its previous rhythm-inducing 
properties. 


HEcur 


Bolt, W. and Wullen, N.: The Dynamics of the 
Circulation in the Course of Typhoid Fever. 
Ztschr. f. Kreislaufforsch. 39: 24 (Jan.), 1950. 
The authors follow the changes in the dynamics 

of the circulation occurring during the course of 

typhoid and paratyphoid infection in 52 cases. In 
cases without complication they noted an increase 
of the pulse wave velocity, of the elasticity coefficient 
of the aorta and of the stroke and minute volume of 


the heart. All these changes returned to norms! 
with disappearance of fever. In perforation or mas 

sive hemorrhage of the bowels signs of collapse 
developed, in the latter instance with a tendency t 
maintain the diastolic pressure. No particular chang» 
of the cardiodynamics were noted in the presence | 
typhoid myocarditis. 

Pick 


Scott, H. W., Jr., and Elliot, S. R., Il: Renal Hem: - 
dynamics in Heart Disease. Bull. Johns Hopkirs 
Hosp. 86: 58 (Jan.), 1950. 

Nineteen patients with congenital cyanotic heat 
disease, with diminution in effective pulmonary 
blood flow and evidence of a right to left shunt, were 
studied to determine the possible effect of anoxem'. 
and polycythemia on the renal hemodynamics. Tl} e 
glomerular filtration rates were essentially normai. 
However, the renal plasma flow was decreased and 
the filtration fraction (the ratio between glomerular 
filtration rate and renal plasma flow) was increase(, 
thus indicating an increased proportion of water 
filtered from the plasma by the glomeruli. The 
authors state that the high hematocrits in these 
cyanotic patients indicate an increase in the vis 
cosity of the blood, and that the elevated filtration 
fraction suggests that this high viscosity is further 
increased in the post-glomerular arterioles, thus 
increasing the efferent arteriolar resistance. Thus, 
the depressed renal blood flow is the result of the 
increase in red cell mass with reduction in the propor- 
tion of plasma available per unit volume of circulat- 
ing blood, as wellas to the increase in post-glomerular 
resistance. Despite the chronic anoxemia, the kidneys 
maintain adequate excretory function as shown by 
normal T,, (maximal excretory capacity of the 
tubules) and PAH extractions, the absence of nitro- 
gen retention, and the normal filtration rates. 

MARGOLIES 


Smith, S. G., Black-Schaffer, B., and Laseter, T. 
E.: Potassium Deficiency Syndrome in the Rat 
and the Dog. Arch. Path. 49: 185 (Feb.), 1950. 
The authors record the pathologic data in rats 

and dogs on diets with potassium content of 0.01 

per cent or less. Albino rats on such diets died with 

significant changes only in the heart and kidneys, 

the changes being a necrotizing myocarditis and a 

dilatation of the renal loops of Henle. Their dogs on 

similarly deficient diets suffered from periodic paral- 
ysis. Many of these dogs died suddenly between 
paralytic attacks, often with pulmonary edema and 
acute congestion of the liver suggestive of acute heart 
failure. Electrocardiograms were similar to those 
obtained in potassium deficiency syndromes in man. 

Postmortem examination in 10 dogs revealed 10 

visceral changes ascribable to potassium deficiency. 

Neither the myocardium nor the renal tubules were 

affected. The skeletal muscle, however, revealed 

striking alteration, featured by waxy (Zenker }v- 
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al ne)degeneration and disruption of the sarcoplasm. 
is was accompanied by invading macrophages and 

receneration of muscle nuclei. The blood vessels 

aid interstitial connective tissue were uninvolved. 
e authors believe that paralysis in canines on 
tassium deficient diet is identical with periodic 
ralysis of man; also, that potassium is essential 
t only to normal metabolism of muscle, but also 
its anatomic integrity. 


GOULEY 


MacKay, E. M., and Pecka, Jr., E. F.: Experimental 
Pulmonary Edema. III. Hypoglycemia, a Cause of 
Pulmonary Edema. Proc. Soc. Exper. Biol. & 
Med. 73: 568 (April), 1950. 

Albino rats of the Slonaker strain invariably 
develop fatal pulmonary edema when kept in a 
state of hypoglycemia by insulin injections over a 
period of several hours. Adrenalectomy and adrenal 
demedullation reduce the degree of pulmonary edema 
but fail to prevent it. Adequate doses of the adren- 
ergic blocking agent N-(9-fluorenyl)-N-ethyl-s-chlor- 
ethylamine HCl, prevent this pulmonary edema 
due to hypoglycemia. The authors suggest that this 
type of edema is neurogenic in origin and is due to 
the influence of deficient glucose on the nerve centers 
where the vasomotor fibers to the lungs and heart 
originate. 

Mintz 


PATHOLOGY 


Lindsay, S.: The Cardiovascular System in Gargoyl- 

ism. Brit. Heart J. 12: 17 (Jan.), 1950. 

The author reports a case of gargoylism in a 44 
month old male child and reviews the clinical and 
pathologic findings with particular reference to the 
cardiovascular system. Gargoylism is characterized 
by the deposition and by the retention of a macro- 
molecular glycoprotein. 

Of 16 previously reported cases of gargoylism, 
2 had syptoms and 11 had physical or roentgen signs 
of cardiovascular disease. In another report of 25 
patients on whom autopsies were done, the weight 
of the heart was recorded in 16; 13 hearts were hyper- 
trophied. Four of the 25 hearts had opaque thicken- 
ing of the epicardium and 3 had diffuse thickening 
of the endocardium. Seven cases had left ventricular 
hynertrophy. Valvular lesions, the most striking 
ch:nges seen, were found in 14 of these 25 hearts. 
Alteration of the mitral and tricuspid valves is 
characterized by a nodular fibrous thickening along 
th: free edge and line of closure of the mitral and 
tri cupid leaflets. The chordae tendinae are thickened 
ani contracted. The aortic and pulmonary cusps 
whon involved show a rolled free edge. Three cases 
showed gross coronary insufficiency with reduced 
lusina and rigid cord-like blood vessels. Micro- 
scovieally, the tissue presented a pseudocartilag- 
inc'is appearance due to the swollen cytoplasm. 
Of ill the fatal cases of gargoylism that have been 


reported, the cause of death had been recorded in 19 
cases; 14 of these individua's died of heart failure. 
The average age of death was 11 years, with some 
living as long as 29 years. Cardiac embarrassment 
was increased by thoracic deformities, elevation of 
the diaphragm due to enlarged liver, anemia, and 
chronic intestinal pneumonitis. 


SOLOFF 


Banfield, W. G., Hackel, D. B., and Goodale, W. T.: 
Cardiac Lesions following Venous Catheterization 
of the Right Auricle and Coronary Sinus of Dogs. 
J. Lab. & Clin. Med. 35: 287 (Feb.), 1950. 

The auricle and coronary sinus were catheterized 
in dogs as atraumatically as possible. Premortem 
thrombi, subendocardial hemorrhages and, in some 
instances, small myocardial hemorrhages were ob- 
served at autopsy 48 hours later. The lesions oc- 
curred at the sites where the catheter tip or shaft 
impinged on the endocardium. Uncatheterized con- 
trol dogs failed to show thrombi or subendocardial 
hemorrhages. There were no statistically significant 
differences between the dogs’ clotting times taken 
before, during and after anesthesia; nor was there 
any correlation between the clotting time and the 
severity of the lesions found at autopsy. The elec- 
trocardiograms taken before insertion of the catheter, 
one hour after insertion and 48 hours later showed 
no significant differences in any dog. 

That such cardiac lesions have not been found in 
man following catheterization may be due to several 
factors. Thrombi may not occur because the clotting 
mechanism in man is less active than in the dog. 
The catheter may cause less abrasion in the iess 
active human heart, which lies within a more fixed 
mediastinum and beats at a much slower rate than 
the dog’s heart under Nembutal anesthesia. The 
band of auricular muscle above the fossa ovalis, 
which is a common site of abrasion in dogs, is less 
prominent in man. 


MINTz 


Giustra, F. X., and Nilsson, D. C.: Myocarditis 
following Measles. Am. J. Dis. Child. 79: 487 
(March), 1950. : 
The authors report the case of a 5} year old child 

of Italian extraction who had the symptoms of 

moderately severe measles. The fever and rash 
disappeared in one week but anorexia and listlessness 
persisted. Thirteen days after the onset, the child 
developed a recurrence of fever with high intermit- 

tent abdominal pain and vomiting. There was a 

diffuse apical impulse in the sixth intercostal space 

near the anterior axillary line. The rhythm was 
regular but the rate was 204. The lungs were clear. 

The liver edge was palpated 5.5 cm. below the costal 

margin. A teleoroentgenogram was negative. An 

electrocardiogram revealed what was probably a 

supraventricular tachycardia with a rate of 187 

per minute with widening of the QRS complexes. 
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Normal rhythm was restored by digitoxin and quini- 
dine. One month later, despite bed rest, cardiac 
signs were still present. A second teleoroentgenogram 
taken at this time showed generalized cardiac en- 
largement. A short apical systolic murmur was 
present. Follow-up electrocardiograms revealed a 
short P-R interval with right bundle branch block. 
Only three instances of myocarditis with heart 
block following measles have been found in the lit- 
erature. 
MARGOLIES 


Schefrin, A. E.: Myocardial Fibrosis in Infancy. 

J. Pediat. 36: 360 (March) 1950. 

The author reports the necropsy findings in an 
infant aged 10 weeks who demonstrated cardiac 
enlargement. The heart muscle was replaced by 
proliferating connective tissue containing islands of 
degenerative muscle fibers. Additional findings were: 
hypertrophy and dilatation of all the cardiac cham- 
bers, a small mural thrombus in the left ventricle, 
edema and congestion of the lungs, focal interstitial 
pneumonitis, and focal areas of necrosis in the liver. 
Myocardial damage of long standing, with little 
evidence of inflammatory change is usually found, 
microscopically, in these cases. The author states 
that there appears to be a fairly characteristic 
symptomatology in these cases of myocardial fibrosis 
with myocardial degeneration as a basis. This symp- 
tomatology includes cyanosis, dyspnea, weakness, 


difficulty in feeding, and finally a shock-like state. 
MARGOLIES 


PHARMACOLOGY 


Greiner, T. H., and Garb, S.: The Influence of 
Drugs on the Irritability and Automaticity of 
Heart Muscle. J. Pharmacol. & Exper. Therap. 
98: 215 (March), 1950. 

By the use of a strip of papillary muscle of the 
right ventricle of the cat, the effect of various ions 
and drugs on the threshold of irritability of cardiac 
muscle was studied. Among the cations, sodium and 
lithium produced virtually superimposable curves of 
threshold excitability when this function was plotted 
against the total (Na plus Li) cation concentration 
of the solution. Potassium, at physiologic concentra- 
tions, produced little change in excitability, but 
a concentration above 8 mM. produced a rapidly 
rising threshold; at concentrations below the physio- 
logic range, spontaneous rhythm was frequently en- 
countered. Ammonium produced little effect until 
the concentration reached 11 to 14 mM., when an 
abrupt rise in threshold occurred. Calcium and mag- 
nesium, on the other hand, produced a definite, 
steady increase of the threshold, as their concentra- 
tions rose from 2 to 4 mM. 

The sympathomimetic drugs (amines) all tended 
to lower the threshold of irritability in concentra- 
tions of 10-* to 10-2 mM. Such increased excitability 
was frequently associated with automaticity of 


rhythm. The most marked threshold lowering effect 
was produced by N-isopropyl epinephrine. Atropine, 
acetyl choline and acetyl B-methy] choline exhibited 
no appreciable effect on excitability, while bo‘h 
papaverine and aminophylline lowered the thresho'd 
with increasing concentrations. Procaine and quii- 
dine greatly elevated the threshold of irritability, 
the latter more so than any other substance teste 1. 

As could be expected, threshold lowering druzs 
were more frequently associated with production of 
automaticity, but no correlation was demonstrat.d 
between the threshold of irritability and onset of 
automaticity. 

GROSSMAN 


Greenfield, I.: Sodium Succinate as a Test of Circu- 
latory Efficiency. Ann. Int. Med. 32: 524 (Marci), 
1950. 

In 60 patients without heart disease or heart fuil- 
ure and 12 patients in congestive failure, a one and 
one-half inch 19 gage needle attached to a 2 ce. 
syringe containing 1.5 cc. of a 30 per cent aqueous 
solution of disodium succinate hexahydrate was 
introduced into the antecubital vein according to 
the usual technic for venipuncture. Following the 
release of the tourniquet, at least 15 seconds were 
allotted to permit the return of the venous flow to 
normal. Then the contents of the syringe were 
ejected as rapidly as possible. The time was measured 
with a stop-watch from the very beginning of the 
injection to the end-point, which was heralded by an 
upward movement (simulating a swallow) of the 
cricoid cartilage. The sudden desire to swallow was 
attributed by the patients to sensations described as 
“a sudden tightening of the throat,” “an acid taste,” 
“a choking sensation,” “a fullness in the throat,” 
“a transient feeling of suffocation,” and “a feeling of 
warmth in the throat.” Very soon thereafter, there 
followed either a single cough or a paroxysm of 3 or 4 
coughs. Within a few seconds, usually approximately 
20 seconds, the reaction subsided. The mean circula- 
tion time for the entire group of 60 patients without 
heart disease or heart failure was 15.8 seconds and 
ranged between extremes of 12.0 and 19.5 seconds. 
The readings made on the patients in congestive 
heart failure varied between 21 seconds and 32 
seconds but only 3 were below 24 seconds. Since no 
untoward reactions followed the use of sodium suc- 
cinate and since it is nontoxic, rapidly eliminated, 
and produces a sharp, easily recognized end-point, 
this agent can be successfully employed to estimate 
the velocity of blood flow. 

WENDKOs 


Smith, D. J.: Reactions of the Isolated Surviving 
Coronary Artery to Epinephrine, Acetylcholine 
and Histamine. Proc. Soc. Exper. Biol. & Med. 
73: 449 (March), 1950. 

The author describes a method of employ ng 
angioplethvsmokvmography to evaluate the respoi'se 
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«f isolated coronary arteries to epinephrine, acetyl- 
choline and histamine. Epinephrine did not produce 
» uniform response in the coronary arteries examined. 
“he responses were of two types and appeared to 
cepend on the degree of vasomotor activity ex- 
libited by the segment under test. Those arteries 
which were nearly completely dilated (as determined 
hy their failure to respond to known vasodilators) 
responded to epinephrine by a slight, transient vaso- 
constriction. Those arteries which were not as com- 
pletely dilated always responded to epinephrine by 
dilation. None of the human arteries ever assumed 
any significant degree of tone. Variations in dosages 
of the test drugs employed varied the magnitude 
and duration of the reaction produced, but never 
reversed the response to a given drug from constric- 
tion to dilation or vice versa. Acetylcholine produced 
consistent coronary vasoconstriction in man, pig 
and sheep. Histamine uniformly produced vasocon- 
striction of the coronary arteries of man, pig, ox and 
sheep. 
MINTz 


Zickgraf, M.: The Effect of Spinal and Peridural 
Anesthesia on the Circulation and the Problem of 
Prophylaxis and Treatment of Collapse during 
this Anesthesia. Deutsche. med. Wchnschr. 75: 
380 (March), 1950. 

The author studied, by the method of Wesler and 
Boeger, the cardiodynamics during spinal and epi- 
dural anesthesia. Blood is trapped in the dilated 
vessels of the anesthetized parts of the body. The 
organism attempts first to compensate for the rela- 
tive hypovolumemia by a mobilization of blood in 
depots. If this mechanism is not sufficient, vasocon- 
striction sets in, progressing from peripheral to cen- 
tral parts and diminishing the capacity of the vascu- 
lar system. Collapse occurs if both these mechanisms 
fail. The most useful therapy is a blood transfusion. 
Veritol injected intramuscularly increases the minute 
volume of the heart by mobilization of blood in de- 
pots and also has a positive effect on the peripheral 
resistance. Its marked effect of raising the blood 
pressure may also be due partly to a paralysis of the 
pressoreceptors during anesthesia. Evidence of myo- 
cardial damage and a poor adjustment of the circu- 
lation to a preoperative veritol test are both a con- 
tr:indication to spinal anesthesia. 

Pick 


Bcen-Asher, S.: Propylthiouracil in the Treatment of 
Angina Pectoris: A Comparison with Thiouracil 
Therapy. Ann. Int. Med. 32: 528 (March), 1950. 
in this paper, the results obtained from the use of 

p: pylthiouracil in patients with angina pectoris are 

co:apared with the results obtained from thiouracil 

therapy in a similar group. A total of 32 patients, 25 

men and 7 women varying in age from 40 to 70 years, 

were treated with propylthiouracil. The duration of 
anciaa ranged from 6 months to 10 years. Fourteen 


patients had previously received thiouracil. Nine of 
these had had a relapse after cessation of thiouracil 
therapy. In 5, the thiouracil was discontinued be- 
cause of toxic reactions. Twelve of the 32 patients 
treated with propylthiouracil showed clinical im- 
provement. Twenty patients did not respond to 
treatment. Of the 12 patients who improved, the re- 
sults were regarded as good in 7 and fair in 5.:In 
none of the patients who showed clinical improve- 
ment was the result classified as excellent. 
WENDKOS 


Riesser, O., and Hergott, J.: Influence of Diethyl- 
aminoethanol on the Action of Epinephrine, Ar- 
terenol and Acetylcholine in the Isolated Heart of 
the Frog. Arch. f. exper. Path. u. Pharmakol. 209: 
95 (March), 1950. 

Diethylaminoethanol in small concentrations (1 X 
10~ to 1 X 10-*) does not alter the contractility of 
the frog’s heart; in larger concentrations the con- 
tractions are increased. The well known increase of 
contractility caused by epinephrine in doses’ of 
1 X 107° to 1 X 10° is abolished by diethylamino- 
ethanol in the small concentrations named above. 
The same result is obtained when arterenol is com- 
bined with diethylaminoethanol. The inhibitory ac- 
tion of acetylcholine on the frog’s heart is increased 
by diethylaminoethanol, given in approximately the 
same small doses. Larger doses of diethylamino- 
ethanol (1 xX 10‘) cause an increase of contractility 
of the heart muscle and do not abolish the actions of 
epinephrine and arterenol. They do, however, abol- 
ish the inhibitory effect of acetylcholine. The authors 
conclude that medium doses of diethylaminoethanol 
have a sympathicolytic and parasympathicotonic 
(cholinergic) effect. 

ScHERF 


Cayley, F. E. de W.: Potassium. Deficiency in p- 
Aminosalicylic Acid Therapy. Cardiac and Para- 
lytic Effects. Lancet 1: 447 (March), 1950. 

The author warns that in the treatment of pul- 
monary tuberculosis with p-aminosalicylic acid 
(PAS), the blood potassium may be dangerously, 
lowered, producing cardiac arrhythmias and sym- 
metrical paralysis. Of the 3 cases presented, one 
acquired ventricular premature contractions, one 
symmetrical paralysis of the hands, and the third 
acquired changes in the S-T segments and T waves, 
not unlike the changes produced by digitalis. In all, 
the serum potassium was materially reduced and, 
when the drug was discontinued, the serum potas- 
sium rose to a normal level and the complications 
abated. In those receiving PAS in whom no compli- 
cations occurred, the serum potassium consistently 
remained at a normal level. The author feels that the 
cardiac changes noted may have been due to the 
decreased intracellular concentration of potassium 
in the heart, while the paralysis may have been due 
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to an inability of the tissues to release or synthesize 
acetylcholine at the myoneural junctions. 
TANDOWSKY 


Atkinson, W. J., Jr.: Tetraethylammonium Chloride 
in the Treatment of Angina Pectoris. Am. Heart 
J. 39: 336 (March), 1950. 

The author treated 28 patients with angina pec- 
toris with intravenous tetraethylammonium chloride 
for periods of from 1 to 20 months. The optimal dose 
was determined for each patient individually by be- 
ginning with small intravenous doses (50 or 100 mg.) 
and working up to an amount which produced a 
pronounced tingling sensation in the feet. The pa- 
tient remained in the supine position after treatment 
until the blood pressure returned to the normal range. 
In general, therapy was given once every one or two 
weeks, and in a few cases several times a week. No 
harmful effects, other than that due to postural 
hypotension, were attributable to the administration 
of the drug. 

Twenty-five of 28 patients claimed subjective 
symptomatic improvement as judged by their esti- 
mation of the number of attacks of angina and of 
their exercise tolerance in terms of everyday tasks. 
Eleven of these 25 patients were given placebos of 
intravenous calcium gluconate or nicotinic acid in 
sufficient doses to give a good sensory stimulus. Al- 
though neither of these are completely inert place- 
bos, only one patient showed as much response to 
the placebo as to TEAC. Ten patients with per- 
sistent angina and substernal aching and soreness 
were dramatically relieved, although previous nitro- 
glycerin has been unsuccessful. In 4 patients, TEAC 
was given during an attack of angina and produced 
an immediate reversion to the pre-anginal electro- 
cardiogram. From this study, the author states that 
no conclusion can be drawn as to the beneficial re- 
sults other than symptomatic improvement. 

HELLERSTEIN 


Masson, G. M. C., Page, I. H., and Corcoran, A. C.: 
Vascular Reactivity of Rats and Dogs Treated 
with Desoxycorticosterone Acetate. Proc. Soc. 
Exper. Biol. & Med. 73: 4384 (March), 1950. 
The authors found that the chronic treatment of 

dogs and rats with desoxycorticosterone acetate 

(DCA) does not increase significantly the vascular 

response to epinephrine, renin and angiotonin. This 

data does not support the view that part of the 
pathogenesis of DCA hypertension in rats can be 
explained on the basis of a functional hyperactivity 
of the vascular system. All the rats treated with 
DCA developed hypertension. None of the dogs 
treated with DCA developed hypertension. 
Mintz 


Mark, L. C., Lott, W. A., Cooper, J. R., and Brodie, 
B. B.: Studies on Diethylaminoethanol. II. Anti- 
arrhythmic Activity in Two Homologous Alcohol 


Series. J. Pharmacol. & Exper. Therap. 98: 405 

(April), 1950. 

Since diethylaminoethanol had been shown to be 
able to prevent the epinephrine produced ventricula: 
premature contractions and tachycardias in dogs 
under cyclopropane anesthesia, it was decided t» 
test related compounds prepared by varying the 
length of the side chains both of the alkyl] groups at - 
tached to the nitrogen and of the alcohol. Thus 
tested were dimethyl, di-N-propyl, di-N-butyl, and 
di-N-pentyl aminoethanol and diethylamino-N-prv - 
panol and pentanol. None of the homologs employed 
exhibited protection against induced ventricular ar- 
rhythmias in nontoxic doses. 

GROSSMAN 


Franke, F. R.: Effect of Digitoxin on Latent Period 
of Frog Gastrocnemius Muscle. Proc. Soc. Exper. 
Biol. & Med. 73: 632 (April), 1950. 

This is a report on the action of digitoxin on the 
latent period of isolated frog gastrocnemius muscle. 
The latent period may be defined as the period of 
apparent inactivity between the application of an 
effective stimulus and the earliest evidence of tissue 
response. The results clearly showed that digitoxin 
increased the latent period while the latent period 
of the control remained relatively constant. 

Mintz 


Moe, G. K., and Freyburger, W. A.: Ganglionic 
Blocking Agents. J. Pharmacol. & Exper. Therap. 
98: 61 (April), 1950. 

The author discusses the mechanisms and sites of 
action of tetraethylammonium compounds on vari- 
ous autonomic effector systems. The nature of its 
blocking action is considered, following which cardio- 
vascular, gastrointestinal, genitourinary and anal- 
gesic effects are described. Brief mention is made of 
other quaternary ammonium compounds and terti- 
ary amines. A valuable and extensive bibliography is 
appended. 

GROSSMAN 


Marsh, D. F., Woodbury, R. A., and Abreu, B. E.: 
The Effect of Neoarsphenamine on the Cardio- 
vascular System. Arch. internat. pharmacodyn. 
d. thérap. 82: 84 (April), 1950. 

Intravenous injection of high doses (over 100 
mg. per Kg.) of neoarsphenamine in concentrated 
solution (greater than 2 per cent) in cats, rabbits, 
and dogs produces an increase in pulmonary arterial 
pressure and often a decrease in systemic arterial 
pressure, although in some rabbits the systemic prcs- 
sure also rises. There is little change in systemic or 
pulmonary venous pressure. The efiect is very simi- 
lar to that produced by histamine, but is not wll 
antagonized by antihistaminic agents nor by e))!- 
nephrine or atropine. It can be prevented by ace- 
quate dilution of the neoarsphenamine solution, 
moval of the colloid fraction by ultrafiltration, ve'y 
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slow injection, or the addition of ascorbic acid or 
p: raaminobenzoic acid. The effect is delayed 5 to 10 
minutes by intra-arterial injection and 30 to 60 
ninutes by- injection into the mesenteric vein. Ani- 
nis that have received total doses of untreated or 
ec lloid containing neoarsphenamine greater than 350 
mg. per Kg. die within 4 hours. About 40 per cent 
0! these develop pulmonary edema shortly before 
death, which is invariably due to left ventricular 
failure although it may be accompanied by simul- 
teneous right heart failure. 
AUTHORS 


Stacy, R. W., and Demunbrun, D. O.: Role of Ad- 
renaline in Respiratory Response to Hypoxemia. 
Am. J. Physiol. 161: 51 (April), 1950. 
Rebreathing experiments on 13 dogs before and 

after adrenalectomy, and after administration of 

epinephrine in adrenalectomized dogs, demonstrated 
that the maximum increase in ventilation produced 
by hypoxemia is dependent on the intact adrenal 
gland, and can be partially restored in adrenalec- 
tomized animals by the administration of epi- 
nephrine. It is postulated that the increase in ven- 
tilatory rate during hypoxia may be caused by 
either a general increase in metabolism induced by 
epinephrine or by a direct central stimulating action 
of adrenaline. 

Hecur 


Forsey, R. R.: The Problem of Specific Therapy in 
Cardiovascular Syphilis. Canad. M.A.J. 62: 339 
(April), 1950. 

The Jarisch-Herxheimer reaction (therapeutic 
shock) following specific antisyphilitic therapy may 
produce dire results in cardiovascular syphilis. If the 
area around the coronary ostia is involved the edema 
produced may cause coronary occlusion. In aortitis, 
with or without aneurysm, the wall may become so 
weakened that rupture may occur. This reaction 
may be minimized or avoided by pretreatment with 
potassium iodide and bismuth or by initiating treat- 
ment with small doses of arsenicals and increasing 
the dosage slowly. The reaction occurs in from 55 to 
75 per cent of early syphilis cases treated with peni- 
cilin and in 25 per cent of late syphilis cases so 
treated. 

“Therapeutic paradox” describes the sudden ap- 
pearance of congestive failure following a period of 
syinptomatic improvement under antisyphilitic 
tratment. This is said to be due to too-rapid healing 
0: inflammatory tissue with scar formation. How- 

r, the incidence of this reaction is not known and 

existence is in doubt. 

The authors reviewed 5 reported series describing 

| cases of cardiovascular syphilis treated with pen- 
ic ‘lin. Eliminating doubtful cases and those with 

‘vious treatment, a total of 36 cases remained. In 

ne was there any contraindication to early and 

| treatment with penicillin. While more time and 


cases are needed before definite conclusions may be 
drawn, the dangers of these reactions seem over- 
emphasized; however, the risk, no matter how slight, 
is not justified. 

WAIFE 


Nalefski, L. A., Gilbert, N. C., and Fenn, G. K.: 
Cardiovascular Changes Observed Following the 
Experimental Administration of Barium Chloride. 
Quart. Bull. Northwestern Univ. M. School 24: 
20 (Spring), 1950. 

Because of the numerous conflicting reports on 
the efficacy and dosage of barium chloride, the au- 
thors studied the response of dogs to this compound. 
In general there was an elevation of blood pressure, 
bradycardia and an increase in tolerance for heparin. 
However, there was a great individual variation .of 
response to similar doses. In some instances sudden 
death, with electrocardiographic and necropsy evi- 
dence of coronary insufficiency, occurred. Barium 
chloride was found to markedly decrease the coro- 
nary blood flow and to increase myocardial irrita- 
bility and induce arrhythmias. The toxic effects of 
the drug could be delayed or prevented by treating 
the animal before or during the experiment with 
aminophylline or papaverine. The authors feel that 
barium chloride is dangerous and unpredictable and 
that results from its clinical use are unreliable and 
questionable. 

WAIFE 


PHYSICAL SIGNS 


Groedel, F. M., and Miller, M.: Intratracheal Aus- 
cultation. Exper. Med. & Surg. 8: 42 (Feb.), 1959. 
Two cardiac patients who had indwelling tracheal 

cannulas were used to obtain intratracheal phonocar- 

diograms. In the first patient the intratracheal pho- 
nocardiogram showed a marked increase in the inten- 
sity of the second heart sound when compared with 
the phonocardiogram taken from the chest wall. In 
the second patient the pitch of the first and second 
heart sounds in the intratracheal phonocardiogram 
was lower than in the one taken from the chest wall. 

Intratracheal phonocardiograms record primarily 
the acoustic phenomena present at the base of the 
heart. The authors feel that by this method oscilla- 
tions which represent the ventricular ejection phase 
or oscillations of the great vessels may be recorded. 

If the second sound consists of three oscillations, the 

last cycle may represent the tricuspid opening snap. 

The second sound may be recorded with separate 

oscillations for the tricuspid and mitral opening 

sounds. 
GELFAND 


PHYSIOLOGY 


Prec, O., Katz, L. N., Sennett, L., Rosenman, R. H., 
Fishman, A. P., and Hwang, W.: Determination 
of Kinetic Energy of the Heart in Man. Am. J. 
Physiol. 159: 483 (Dec.), 1949. 
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The work of the heart is defined by the following 
formula: 


> a righ Figh 
W = (Paes Vrient + Maw te) + 


29 i 
(Paw V iett + cin) 


where V represents the stroke volume, P, the mean 
pressure in pulmonary artery or aorta respectively, 
M the mass of the ventricles (stroke volume times 
gravity of blood: 1.057 for males, 1.053 for fe- 
males), v the blood velocity at the root of aorta or 
pulmonary artery, and g the gravitational constant. 
The blood velocity v is directly proportional to the 
stroke volume (V) and inversely proportional to the 
cross sectional area of the aorta or pulmonary artery 
(A) and to the duration of ejection (7). The kinetic 
energy of the heart is expressed as 
; i 
K, = A2T? 

where K is a constant. 

Cardiac catheterization and angiocardiography 
(for obtaining data on the cross sectional area of 
aorta and pulmonary artery) yield the essential 
data necessary for calculating the kinetic energy of 
the heart in man. In 6 normal subjects the following 
new values were obtained for right heart and left 
heart, respectively : potential energy (Gm. cm./beat) 
842 to 1970 and 9100 to 19,000; kinetic energy 31 
to 130 and 46 to 390; velocity in pulmonic artery 
and aorta, respectively, (em./sec.) 33.2 to 63.5 and 
21.3 to 87.4. The diameter of aorta and pulmonary 
artery varied from individual to individual and no 
constant ratio was found. This points to a large 
potential error in substituting mass postmortem 
measurements for actual estimated values obtained 
by angiocardiography. The cross sectional area of 
the pulmonary artery and aorta varied from 5.60 
to 9.60 to 14.92 cm.2, respectively. The data also sug- 
gested the presence of turbulent flow in the roots 
of both major vessels. 


HEcutT 


Wolff, U.: A Test for Capillary Resistance. Ztschr. 

f. d. ges. inn. Med. 5: 107 (Feb.), 1950. 

The author constructed a “‘vasodensometer” for 
measuring capillary resistance. The test consists of 
applying suction on a circumscribed area in the 
infracubital region. The negative pressure produced 
over the area is measured by a mercury manom- 
eter. A “critical” pressure, which corresponds to 
the capillary resistance, is defined as not more than 
2 petechiae appearing in an area with a diameter of 
2 cm. after suction of 1 minute’s duration. This 
critical pressure was found to be over 150 mm. Hg 
in 42 normal subjects and less than 150 mm. Hg in 
24 abnormal persons. 

Pick 


White, R.: Symposium on Haemodynamics in Preg- 


nancy. III. Blood Volume in Pregnancy. Edin- 

burgh M. J. 57: 14 (March), 1950. 

Blood volume determinations, using the Evans 
blue dye method, were performed in 10 normal non- 
pregnant women, and 66 women at various stagcs 
during pregnancy and the puerperium. The norm: | 
blood volume was 2600 + 66 cc. per square meter 
of body surface, which is comparable to the resul’s 
of other studies. At term the volume averaged 31/0 
ec., an increase of 23 per cent. The increase occu’s 
mainly during the second half of pregnancy and is 
maintained during the first week postpartum. Hy- 
pertensive women had normal blood volume chang»s 
during pregnancy; however, in cases of toxemia tiie 
blood volume appeared to be slightly lower th:n 
normal. 

WAIFE 


RHEUMATIC FEVER 
Massell, B. G., Warren, J. E., Patterson, P. R., 
and Lehmus, H. J.: Antirheumatic Activity of 

Ascorbic Acid in Large Doses (Preliminary Ob- 

servation on Seven Patients with Rheumatic 

Fever). New England J. Med. 242: 614 (April), 

1950. 

The authors report a study in which ascorbic acid 
(4 Gm. doses daily) was used in the treatment of 7 
patients with acute rheumatic fever. Following ad- 
ministration of this drug, the temperature promptly 
became normal in most patients. Myocarditis and 
pericarditis also disappeared in a matter of days. 
The elevated sedimentation rates decreased in most 
patients, but they remained elevated in others. The 
authors conclude that these observations suggest 
that ascorbic acid may possess antirheumatic ac- 
tivity. 

NADLER 


Freud, F., Brunhofer, A., and Weisz, A.: Miliary 
Tuberculosis Simulating Acute Rheumatic Fever. 
Am. J. Dis. Child. 79: 676 (April), 1959. 

The authors report the case of a 2} year old boy 
who had fever and joint pain of 4 weeks duration. On 
physical examination there was a cervical, axillary, 
and inguinal adenopathy, signs of left lower lobe 
pneumonia, no cardiac enlargement, a double mitral 
murmur, and a sinus tachycardia with the sugges- 
tion of a gallop rhythm. The left knee joint was red 
and swollen, and the right elbow and wrist joints 
were painful on motion. A diagnosis of acute rheu- 
matic fever with a left lower lobe pneumonia was 
made. Because of a positive Mantoux reaction, the 
diagnosis of a tuberculous bacellemia, simulating 
rheumatic fever, was considered. At necropsy ev'- 
dence of a generalized miliary tuberculosis was 0!)- 
served. No Aschoff bodies or other evidence of rhe:- 
matic fever were seen. The heart was complete'y 
negative. The fact that miliary tuberculosis m: y 
cause a picture very similar to rheumatic fever 5 
emphasized. 

MAaRGOLIE 
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Massell, B. F., Warren, J. E., Sturgis, G. P., Hall, 
B., and Craige, E.: The Clinical Response of 
Rheumatic Fever and Acute Carditis to ACTH. 
New England J. Med. 242: 692, 1950. 

The authors administered ACTH to 10 patients 
with active rheumatic fever and carditis. The mini- 
mal daily dose varied from 20 to 50 mg.; however, 
they found that in some patients the minimal effec- 
tive dose was between 5 to 10 mg. ACTH appeared 
to be effective clinically in 9 of the 10 patients. The 
fever, arthralgia, and objective arthritis usually dis- 
appeared within the first three days following ther- 
apy. The pericardial friction rub disappeared in 
from 1 to 14 days. The interval during which the 
sedimentation rate returned to normal varied con- 
siderably, the minimum time being 1 week, the 
maximum, 12 weeks. 

The authors feel that ACTH has two opposing 
actions in patients with rheumatic fever and con- 
vestive failure. A beneficial action results from sup- 
pression of the pancarditis tending to relieve con- 
gestion. On the other hand, retention of fluids during 
hormone therapy increases congestive failure. This 
disadvantage was controlled by a low sodium diet 
and mercurial diuretics. The authors discussed the 
action of ACTH and concluded that the mechanism 
suppressing active rheumatic fever is unknown. The 
most prominent side effects included mental de- 
pression in one patient and exacerbation of conges- 
tive failure. Less important reactions were head- 
ache, development of roundness of the face, acne, 
skin irritation and abdominal cramps. 

NADLER 
ROENTGENOLOGY 

Pereiras, R., and Castellanos, A.: Retrograde Aortog- 
raphy: Its Value in the Diagnosis of Coarctation 
of the Aorta by Means of a New Indirect Sign. 
Radiology 58: 859 (Dec.), 1949. 

The method of retrograde aortography consists 
in placing a trocar of adequate caliber in a large 
artery with its point directed toward the aorta so 
that the opaque substance, being injected quickly 
and with enough pressure, will enter the aortic lumen 
even against the systolic blood flow. Total radio- 
pacification of the aortic arch and its great vessels 
can be obtained in aortic coarctation by making the 
injection through one of the carotid arteries. The 
procedure can be done at any age, always under 
anesthesia and after exposure of the artery. In a 
‘hild under 1 year of age, the injection can be done 

ither through the right or left axillary or brachial 

artery. The indirect sign is obtained by the injection 
the contrast medium through a trocar placed in 

e left brachial artery. As the result of this pro- 

‘dure, the collateral circulation of the axillary and 
s \hbelavian arteries is visualized. 

The authors show that a patent ductus arteriosus 
vay also be diagnosed by this method. The flow 
fom the aorta into the pulmonary arteries may be 

sualized. Opacification of the abdominal aorta may 


be accomplished by: injection of the contrast-medium 
into the femoral artery in a direction counter to the 
blood flow. 


ScHWEDEL 


Boro, G.: Roentgenkymography of Aortic Valvular 
Defects. I and II. Cuore e circolaz. 33: 321, 344 
(Dec.), 1949. 

The author studied 12 cases of aortic valvular de- 
fects by means of roentgenkymography. Several 
graphic details are reported and the typical patterns 
are described. Interpretation of the changes was 
found difficult whenever both insufficiency and sten- 
osis of the aortic valve were present or when mitral 
and aortic lesions were combined. In the complex 
mitroaortic lesions only the correlation of the roent- 
genkymographic and the clinical data permitted a 
correct diagnosis. 

LuISADA 


Gordon, A. J., Brahms, S. A., and Sussman, M. L.: 
Visualization of the Coronary Circulation During 
Angiocardiography. Am. Heart J. 39: 114 (Jan.), 
1950. 

The authors report instances of visualization of 
the coronary arteries and coronary sinus in the 
course of routine angiocardiography in man. One 
or more of the coronary arteries were visualized in 
at least 10 of approximately 1200 angiocardiographic 
examinations made during an eight year period. The 
authors saw the coronary arteries chiefly in children, 
probably because the aorta and its branches are 
particularly well visualized in children as compared 
with adults. The right main coronary artery was 
clearly identified several times. The left was noted 
only once in a case of tetralogy of Fallot in which 
the aorta was particularly opaque because of a 
marked degree of overriding. On two occasions a 
structure which was probably coronary sinus was. 
visualized during angiocardiography in adults. In 
each instance it filled in reflux fashion from the right 
auricle. 


. ScHWARTzZ 


Soulié, P., Di Matteo, J., and Marchal, M.: Cine- 
densigraphy in Mitral Valvulits. Arch. d. mal. du 
coeur 43: 14 (Jan.), 1950. 

Using their own version of the electrokymograph, 
the authors studied the border tracings of the left 
auricle in cases with rheumatic heart disease and 
mitral valve lesions. Confirming prior observations 
of other workers, they describe the typical disten- 
tion of the left auricle during ventricular systole 
caused by mitral regurgitation. The “regurgitation 
pattern” of the left auricle was observed in several 
cases of mitral stenosis with no systolic murmur. On 
the other hand, it was not observed in some of the 
cases having an apical systolic murmur which the 
authors considered to be evidence of mitral insuffi- 
ciency. Because of the small number of cases and 
the lack of postmortem studies, it was impossible to 
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decide whether the murmur was functional, the re- 
gurgitation method inadequate. 
LoUIsADA 


Duomarco, J. L., Rimini, R., and Sapriza, J. P.: At- 
tempted Evaluation of Venous Pressure by Angio- 
cardiography. Rev. argent. de cardiol. 17: 15 
(Jan.—Feb.), 1950. 

Using a special angiocardiographic technic, the 
authors proved that, in normal man, the superior 
vena cava is collapsed in the upright position and 
distended in the head-down position. Increased pres- 
sure in the right auricle, due most commonly to 
cardiac failure, produces a distention of the superior 
cava with the patient in the upright position. The 
distention attains higher and higher levels, and ex- 
tends to the veins of the neck, when further increase 
of the auricular pressure takes place. The type of 
shadow of the vena cava is determined by the degree 
of its distention. Thus, three degrees of venous hy- 
pertension may be differentiated. In the cases of the 
minor grade, angiocardiography should permit one 
to evaluate the effective venous pressure because, 
the higher the pressure, the longer is the section of 
distended vein above the right auricle. 

LUISADA 


De Carlo, J., and Lindquist, J. N.: Angiocardio- 
graphic Observations of a Patient with Primary 
Hemangiosarcoma of the Pericardium. Am. J. 
Roentgenol. 63: 360 (March), 1950. 

The authors present the case of a 36 year old man 
complaining of weakness, fatigue, and one episode 
of hemoptysis with evident cardiac enlargement, 
faint heart sounds, neck vein distention, hepato- 
megaly and dependent edema. Roentgen examina- 
tion disclosed an enlarged cardiac silhouette but no 
characteristic disturbances in pulsation. On angio- 
cardiography there was demonstrable partial ob- 
struction of the superior vena cava, a filling defect 
in the opacified right atrium, and displacement of 
the right ventricle to the left. Necropsy findings 
indicated a primary hemangiosarcoma of the peri- 
cardium encroaching on the right atrium and right 
ventricle, and metastases to the lungs. 

ScHWEDEL 


SURGERY IN HEART AND VASCULAR 
SYSTEM 


Holden, W. D.: Reconstruction of the Femoral 


Artery for Arteriosclerotic Thrombosis. Surgery 

27: 417 (March), 1950. 

The author reports a case of segmental arterio- 
sclerosis of the superficial femoral artery which was 
treated by resection of the involved portion and re- 
placement with a similar size segment of saphenous 
vein. Heparin was given postoperatively. Four and 
one-half months after operation obvious signs of in- 
creased blood flow and freedom from pain were still 
present. 

ABRAMSON 


Murray, G.: Surgical Treatment of Coarctation of 
the Aorta. Canad. M. A. J. 62: 241 (March), 1950. 
In this review of the surgical aspects of coarct- 

tion of the aorta the author states that above the 
age of 29 years the prospects for a good recovery are 
poor. If evidences of severe vascular changes ar 
demonstrated on retinal examination, or if the p:- 
tient is already suffering from coronary infaretic 1 
or a cerebral vascular accident, the operation shou! | 
not be performed. The author prefers the postericr 
surgical approach even though one encounters eno:- 
mous numbers of greatly dilated thin walled eo’- 
lateral arteries. In his experience a very fixed, stronz 
ligamentum arteriosum or patent ductus arteriosi:s 
was found. 

Of 6 patients who had anastomosis of the leit 
subclavian artery with the distal aorta, 4 patien!s 
had excellent results. In one, age 16, the blood 
pressure remained at 160 systolic in both arms and 
legs. One fatal case was due to cardiac arrest al- 
though the heart was not handled at this stage of 
the operation. In spite of transfusions and cardiac 
massage the patient succumbed a few hours post- 
operatively. 

WalIFE 


THROMBOEMBOLIC PHENOMENA 


Masson, G. M. C., Corcoran, A. C., and Page, I. H.: 
Experimental Vascular Disease Due to Desoxy- 
corticosterone Acetate and Anterior Pituitary Ex- 
tract. I. Comparison of Functional Changes. J. 
Lab. & Clin. Med. 34: 1416 (Oct.), 1949. 

The authors investigated the question of whether 
or not the pathogenesis of hypertension, nephro- 
sclerosis, periarteritis nodosa and certain myocardial 
lesions could be explained on the basis of pituitary- 
adrenal activities. One group of rats received desoxy- 
corticosterone acetate, a second, anterior pituitary 
powder, and a third, both drugs. Blood pressure was 
measured by the plethysmographic method, using 
the rat’s tail. 

Desoxycorticosterone acetate uniformly produced 
severe hypertension within a period of three weeks. 
Since the elevated pressure was consistently asso- 
ciated with renal lesions, the possibility was ad- 
vanced that it might be a renal hypertension. Ante- 
rior pituitary powder also produced a hypertension, 
but this occurred in only a relatively small propor 
tion of animals tested. The latter findings did not 
appear to support the view that the basis for the 
elevated pressure was the action of the pituitary 
substance on the adrenal gland, resulting in excessive 
secretion of desoxycorticosterone-like compounds 

ABRAMSON 


Schlichter, J. G., Katz, L. N., and Meyer, J.: The 
Occurrence of Atheromatous Lesions after Cai- 
terization of the Aorta Followed by Cholesterol 
Administration. Am. J. M. Sc. 218: 603 (De.) 
1949. 


Disturbances in the vascularity of the aortic w ll 
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cause disease of the aorta. In the dog the vasa are 
extremely well developed, and this may be one of 
the »easons for the known difficulty in producing 
ath-omatosis in this animal. In this study, there- 
fore some of the vasa vasorum were destroyed and 
a |} vercholesterolemia was superimposed for a pe- 
rio. of several months. The effect of this combination 
wa: analyzed at necropsy. The results showed that 
the \ddition of exogenous cholesterol with or without 
thi-iracil, which is associated with only a moderate 
hy) «rcholesterolemia, might lead to the develop- 
met of atheromatous lesions within three to five 
mo:ths in the region in which vascularity had been 
int: fered with experimentally. The lesions did not 
occur elsewhere in the aorta, nor did they appear 
in other animals on a similar regimen but without 
disturbance in the vasa vasorum. 

These studies indicate that the difficulty involved 
in inducing atherosclerosis in the dog may be over- 
come by interfering with the rich vascularity of the 
dog’s aortic wall. It would follow that the vascular- 
ity is important in producing and localizing medi- 
onecrotic, arteriosclerotic and atherosclerotic lesions. 
It is possible for cholesterol deposits to appear under 
certain circumstances even with a normal blood 
cholesterol level when there is a markedly diminished 
looal blood supply. 

DuRANtT 


Klein, S. P.: Periarteritis Nodosa. Arch. Int. Med. 

84: 983 (Dec.), 1949. 

Two unusual eases of periarteritis nodosa in which 
recovery took place are reported. The patient in one 
case had two histologically proved episodes sepa- 
rated by an interval of twelve years. The second 
patient, who had localized periarteritis of the appen- 
dix, was well eleven years after discharge. Recovery 
may be expected under the following circumstances: 
confinement of the disease to nonvital structures; 
minimal involvement of organs followed by healing; 
and localization of the disease to part of a single 
organ. Recovery can occur despite the involvement 
of vital structures, but death may follow in the 
inactive phase many years later from vascular in- 
sufficiency in such organs as the heart, kidneys or 
liver. 

BERNSTEIN 


Holman, E.: Problems in the Dynamics of Blood 
Flow. I. Conditions Controlling Collateral Circu- 
lotion in the Presence of an Arteriovenous Fis- 
tula, following the Ligation of an Artery. Surgery 
25: 889 (Dec.), 1949. 

Tne mechanisms responsible for the formation of 

a ¢llateral circulation in tissues deprived of their 

blo d supply through occlusion of the main arterial 

ch: nels or through shunting of blood into an ar- 
te: »venous fistula have not been clearly defined. 

Soe workers are of the opinion that arterial growth 

is rectly controlled by a chemical stimulant arising 

loc lly as a product of the tissue need. Others, how- 
ev’, present the view that a fistula introduces into 


the circulatory system a site of lessened resistance 
and that, as a result, there is a marked increase in 
blood flow both into the involved artery and into 
those branches of the vessel which arise proximally 
to the fistula. It is the increased circulation through 
these subdivisions which is responsible for the nour- 
ishment of the tissues distal to the level of the 
fistula. The author studied the problem in a series 
of dogs in which fistulas were experimentally po- 
duced. The results appeared to support the latter 
view, namely, that the development of collateral 
circulation around an arteriovenous fistula was de- 
pendent upon the increase in flow through the 
branches proximal to the fistula into a vascular bed 
of lowered resistance. 
ABRAMSON 


Firstbrook, J. B.: The Effect of Changes in Body 

Weight on Atherosclerosis in the Rabbit. Science 
111: 31 (Jan.), 1950. 

The relationship between weight changes pro- 
duced by various levels of food intake and the sever- 
ity of experimental atherosclerosis was investigated 
in the rabbit. Individual rabbits were given 40, 50 
or 60 per cent of the food intake of freely fed animals. 
After two weeks of restricted feeding, an aqueous 
suspension containing 1 Gm. of cholesterol was 
given daily for four to seven weeks. The animals 
were then sacrificed and the degree of atherosclero- 
sis in the aorta noted. 

The average blood cholesterol level, the initial 
weight and the relative final weight are of approxi- 
mately equal importance in determining the degree 
of atherosclerosis estimated from the equation of 
multiple linear regression. A high net correlation 
was found between relative weight gain and severity 
of experimental lesions. This is consistent with 
findings in man. The author points out the impor- 
tance of these results when applied to the study of 
experimental atherosclerosis. 

SacHs 


Cort, J. H., and Davis, G. D.: Observations on the 
Role of Vagal Activity in the Effects of Pulmonary 
Embolism. Yale J. Biol. & Med. 22: 213 (Jan.),’ 
1950. 

The authors produced diffuse pulmonary embo- 
lism in cats by very rapid intravenous injection of 
suspended starch granules. Embolic signs appeared 
even before the end of the injection. These consisted 
of a sudden profound drop in the systemic blood 
pressure, very rapid and irregular respirations, and 
arrhythmias. Within ten minutes, electrocardio- 
graphic changes occurred. These included S-T de- 
pression, appearance of an S wave, A-V dissociation, 
inversion of the T wave and a fall in voltage. In the 
vagotomized cats the blood pressure drop was de- 
layed for several minutes, and respirations altered 
only just before death. The earlier electrocardio- 
graphic changes were prevented, but S-T depression 
was marked. In atropinized cats (2 mg. per Kg.) the 
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results were intermediate between those of the intact 
and the vagotomized animals. Clamping the pul- 
monary arteries in dogs for a few seconds resulted 
only in a slight fall in systemic blood pressure. After 
several minutes, S-T depression appeared. 

The authors conclude that vagal activity plays a 
definite role in the symptomatology of multiple 
pulmonary embolism. If the changes are due to the 
effect of increased pulmonary blood pressure upon 
nervous receptors, these receptors must lie distal 
to the hilus of the lung. The vagus plays a distinct 
part in producing the rapid systemic hypotension, 
A-V dissociation, extrasystoles, low voltage, devel- 
opment of the S wave and inversion of T. The S-T 
changes are attributed to the sudden load on the 
right heart and the change in electrical axis. 

ENSELBERG 


OTHER SUBJECTS 
Kobrak, E.: A Study of Tonus and Vascular Tonus 
under Special Reference to Circulatory Problems. 

Zeitschr. f. d. ges. inn. Med. 4: 577 (Oct.), 1949. 

Tonus is restricted to contractile substance and 
becomes apparent as resistance against forces which 
produce tension or which have a general tendency 
to produce dislocation. In contrast to elasticity, 
also found in nonliving substrates like caoutchouc, 
this resistance is variable and controlled by hor- 
monal and nervous influences, the latter originating 
either centrally in the hypothalamus or in the 
periphery. Tonus variations are accompanied by 
variations of turgor, irritability and reactivity, and 
in the capillary system by changes of secretion and 
transudation. 

To measure the tonus of skin arterioles in man, 
suction was applied to a limited area of the chest 
and the hyperemic reaction following different de- 
grees of negative pressure—measured by a manom- 
eter—was compared in normal and abnormal 
individuals. The author observed three types of ab- 
normal response. The first, indicating a constantly 
increased tonus, was found in persons with a ten- 
dency to “spasticity” (uleus ventriculi, migraine). 
A second type, showing great variations of the reac- 
tion, was found in women during the menopause 
and in patients with a marked lability of the blood 
pressure and other vasomotor reactions. The third 
group, with constantly and abnormally low tonus 
of the skin vessels, consisted mainly of patients with 
signs of hyperactivity of the thyroid gland. 

Pick 


Collins, S. D.: Statistical Studies of Heart Disease. 
V. Illness from Heart and Other Cardiovascular- 
Renal Diseases Recorded in General Morbidity 
Surveys of Families. Public Health Reports 64: 
1439 (Nov.), 1949. 

The National Health Survey of 1935 to 1936 cov- 
ered two and one-half million persons and recorded 
a total of 93,733 cardiovascular-renal cases, both 
disabling and nondisabling; these cases were classi- 
fied as heart disease, hypertension and nephritis. 


Heart disease, particularly in the middle and older 
ages, was considerably more important as a cause of 
mortality than as a cause of morbidity. Considering 
specific ages, there was no particular difference 
between the number of illnesses and the numbe: of 
deaths caused by nephritis. However, hypertension 
was relatively less important as a cause of death 
than as a cause of illness. 

The total recorded case rates (disabling and }on- 
disabling) were considerably higher among wo'en 
than men. However, death rates for heart dis:-ase 
were higher for men than women above the avo of 
fifteen years. 

The proportion of heart disease and hyperten -ion 
deaths that occurred within twenty-four hours «!ter 
the onset of the disabling attack amounted ti 21 
per cent and 16 per cent, respectively, in persons of 
all ages in both sexes. The proportion of sudden 
heart deaths was definitely higher for males than 
females and both reached the peak at 45 to 54 years, 
Considering all cases with disability of seven clays 
or longer for both sexes of all ages, the mean days of 
disability for heart disease were 136, with a mean of 
seventy days for cases with onset of disability within 
the year of study and of 295 days for cases with on- 
set of disability prior to the year. 

Comparing the death rate for all causes among 
these heart patients to the death rate of all causes 
in the general population for the same year, it was 
found that the peak ratio was at 5 to 14 years of 
age. The annual death rate among heart patients 
of that age group was 26 times that for persons in 
the same age group in the general population. Pre- 
sumably, this was the group with rheumatic heart 
disease. There was a steady decline until at 75 years 
and over this ratio was slightly less than 2:1. 

There was considerable seasonal variation in the 
onset of disability in these cases but little difference 
between heart disease, hypertension and nephritis in 
this respect. In all three diseases, the peak of the 
cases came in December or January, with May to 
August representing the lowest part of the curves. 

WAIFE 


Gardam, J. D.: Vital Capacity in Adults with Heart 
Disease; Its Relation to Age, Degree of Cardiac 
Enlargement and Type of Valvular Lesion. Am. 
J. M. Se. 219: 76 (Jan.), 1950. 

The records of 389 patients (twenty to forty-two 
years of age) with heart disease, who had been fol- 
lowed from childhood, are reviewed and analyzed. 
There were 321 subjects with rheumatic heart <is- 
ease; 59 had congenital heart disease (acyanotic); 
and 9 had heart disease of undetermined etiology. 
In the rheumatic group 300 had a vital capacity 
within the normal range and 299 had a norinal 
exercise tolerance. Twenty-one had a diminisiied 
vital capacity ranging from —14 to —33 per cent, 
and 18 had a diminished exercise tolerance. In pa- 
tients with a normal vital capacity there was no 
correlation between age and the degree of carliac 
involvement. The majority of patients with a di- 
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minished vital capacity had marked cardiac damage 
and one-third had auricular fibrillation. Only one 
of 50 patients with congenital heart disease of the 
eyanotie type had a diminished vital capacity and 
a lowered exercise tolerance. There was a close 
corr lation between vital capacity and exercise tol- 


erate in adults with heart disease. 
DuRANT 


Kissane, R. W., Fidler, R. S., Clark, T. E., and Conn, 
J. J.: Cephalin-Cholesterol Flocculation Reaction 
in Heart Disease. II. Am. J. M. Sc. 219: 52 (Jan.), 
1950. 

Tae finding of cephalin-cholesterol flocculation 
reactions of 2 plus or more in 67 per cent of cases of 
rheumatic heart disease prompted the investiga- 
tion of this reaction in all types of heart disease. In 
syphilitic heart disease 56 per cent positives were 
found. In arteriosclerotic, hypertensive, and other 
forms of heart disease between 22 and 32 per cent 
positives were found; 30 per cent positive reactions 
were obtained in the normal controls. The fact that 
twice as many positives were found in rheumatic 
and syphilitic heart disease suggests that the etiolog- 
ical disease rather than the heart damage produced 
the reaction. This can be explained on the basis of 
liver damage in syphilitic infection, but no relation- 
ship between rheumatic fever and hepatic pathology 
has been recognized. The finding that positive re- 
actions occur even when rheumatic heart disease 
is of short duration also is evidence supporting the 
notion that the rheumatic infection rather than the 


heart disease is responsible. On the other hand, 
congestive failure complicating arteriosclerotic and 
arteriosclerotic-hypertensive heart disease showed 
56 per cent positives, and when auricular fibrillation 
was present the percentage was 71. 


DuRANT 


Sirek, O. V.: Relation Between Blood Lipids and 
Excretion Of Choline In Diabetic Patients. Arch. 
int. Med. 85: 2 (Feb.), 1950. 

The author reports study of the relationship 
between the amounts of choline excreted in the urine 
and the content of cholesterol, total fat and lipid 
phosphorus in the blood plasma. It is shown that 
there is a relationship between the amount of choline 
excreted in the urine and the blood level of lipid 
fractions, mainly between choline and phospolipids, 
since an increased amount of excreted choline is 
always accompanied by an increased lipid phos- 
phorus content in the blood, and vice versa. 

No correlation was found between the high lipid 
phos horus content of the blood and the severity of 
diab tie symptoms. Perhaps insulin does not act 
direc'ly on the choline metabolism or on that aspect 
of fa: metabolism connected with the function of the 
choliie. This hypothesis requires further confirma- 
tion ind will soon be investigated by the author. 

BERNSTEIN 


Penneys, R., Thomas, C. B., and. Lewis, R. A.: 
Reduction in the Number of Circulating Eosino- 


phils following Induced Anoxemia. Bull. Johns 

Hopkins Hosp. 86: 102 (Feb.), 1950. 

The effects of anoxia on adrenal cortical activity 
of normal subjects was studied. A method of con- 
trolling oxygen saturation by administering gas of 
low oxygen concentration with oximeter control was 
used. The tests were made on 11 healthy subjects 
from 11 to 19 years of age. The arterial oxygen was 
lowered 70 to 80 per cent for periods ranging from 
17 to 24 minutes. Twelve control tests were also done 
without exposing the subjects to anoxia. Eosinophil 
counts by the direct count method were done one- 
half hour before the anoxemia test and approxi- 
mately four and one-half hours after the initial count. 
A significant drop in the eosinophil count was noted 
following the anoxemia tests. This drop was thought 
to be due to increased adrenal cortical activity. 

As a means of stimulating the adrenal cortex for 
therepeutic reasons, the authors suggest the possibil- 
ity of inducing anoxemia frequently and for increas- 
ing periods of time. ntact 
Brull, L.: A Mechanical Heart with Coagulable 

Blood. Science 111: 227 (March 17), 1950. 

The author describes a pump made from a dog’s 
aorta in which blood is propelled by a roller-pulley. 
The superior mesenteric branch of the dissected 
aorta is connected with the shunt which regulates 
pressure. One of the renal arteries is connected to a 
manometer. The subclavian artery is connected with 
a saline or blood reservoir to rinse air out of the 
preparation. A Payr’s cannula, coated with a vena 
cava, connects the aorta with an auricle, while an 
iliac artery is cannulated with the organ to be per- 
fused. The output of this mechanical heart can 
reach 700 to 1,000 ml. per minute against pressures 
up to 300 mm. of mercury. _— 
Ahrens, E. H., Jr.: The Lipid Disturbance in Biliary 

Obstruction and Its Relationship to the Genesis of 

Arteriosclerosis. Bull. N. Y. Acad. Med. 26: 151 

(March), 1950. 

Studies were made on 17 patients with primary 
biliary cirrhosis and 3 female patients and 1 male 
patient with biliary cirrhosis secondary to obstruc- ° 
tion of the extrahepatic bile ducts. Serum lipid 
levels correlated roughly with the degree of biliary 
obstruction. Phospholipids and free cholesterol were 
markedly increased. The fasting serum in biliary 
obstruction was always completely transparent and 
clear, and the ratio of phospholipids to total lipids 
was 30 per cent or higher. In primary biliary cirrho- 
sis, lipids were deposited in the skin according to 
the degree of elevation of the serum lipids. In 6 
patients with primary biliary cirrhosis and 1 patient 
with secondary biliary cirrhosis postmortem studies 
showed an inverse relationship between arterial ath- 
eromatosis and skin xanthomatosis. Severe athero- 
matosis was found in biliary obstruction only in the 
presence of a high cholesterol/phospholipid ratio. 

WHITE 
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Memories of Eighty Years. James B. Herrick, M.D. 
Chicago, The University of Chicago Press, 1949. 
270 pages, illustrations, $5.00. 

As might be expected of one who for years has 
read Chaucer for pleasure, Dr. Herrick has told his 
“Memories of Eighty Years” in words fascinating 
in their import and running with a striking smooth- 
ness of diction, words that give to the reader an in- 
teresting and pleasing account of men and events 
in medical Chicago of a period passing during the 
life of Dr. Herrick from a frontier to a matured 
quality of social and medical conditions. 

His boyhood days in a town small enough to give 
him the environs of a rural life were reflected later 
on in his continued love of simple living, in his 
modesty and almost diffidence and in his pleasure 
in the flowers in his garden of his Vermont summer 
home at Dorset. After high school graduation Dr. 
Herrick began the study of medicine; his tale of 
this can be read profitably both by students and 
teachers of medicine, since it emphasizes the really 
important educational factors leading to effective 
leadership in medicine. 

His period at Rush College of Medicine shows 
how men in those days did teach effectively in a 
way didactic but more by force of personality and 
the quality of the medicine that they practiced. At 
Cook County Hospital with its wealth of clinical 
material Dr. Herrick learned from responsible con- 
tacts with patients of many sorts, a form of educa- 
tion possibly being less well carried through now 
than then. In private practice then he put into ef- 
fect what he had learned while continuing his edu- 
cation by experience with patients and by reading 
about their maladies. 

Having arrived at considerable competence in 
medical knowledge, he three times went to Europe 
for contacts with von Jaksch, Chiari, Pribram, 
Striimpell, von Ziemssen, Erb, Leube, Kovacs, Neus- 
ser and other giants in Teutonic medicine and with 
Emil Fischer and Abderhalden, leaders in the inves- 
tigation of sugars and proteins. For the latter he 
had prepared himself by lecture and laboratory 
courses under Stieglitz and Nef at the University 
of Chicago, this done while actively practicing med- 
icine. At that early date he realized the great im- 
portance of chemistry in an understanding of a 
newer medicine. 

During all of his life Dr. Herrick continued to 


learn by intimate association with the best me: ica] 
minds and with the young men of great promi-e in 
Chicago and by oft repeated attendance at me:lica] 
meetings with more such contacts. Of his Chicago 
colleagues he has given enlightening, thumb sket ches 
in which will be found entertainingly set down oth 
their qualities of greatness and their foibles. 

All of this is a story well told of a life wisely lived, 
a fine influence in Chicago and on American ed- 
icine. Many will profit and get great enjoyment in 
reading it; it is a book for physicians young and old 
to buy. 

Henry A. CHRISTIAN 


A Primer of Venous Pressure. George E. Burch, 
M.D. Philadelphia, Lea & Febiger, 1950. 134 
pages, 120 figures, $4.00. 

The author has undertaken the difficult task of 
illustrating the usefulness of venous pressure meas- 
urements in understanding various disease states in 
man. For the sake of brevity he has omitted all 
bibliography, and he makes no pretense that the 
work is exhaustive. The early pages are well spent 
in explaining, largely by illustrations, the functional 
anatomy and hemodynamics of the venous circula- 
tion. The pages on types of venous valves and their 
distribution are interesting and useful clinically. The 
same can be said of a dynamic description of pres- 
sure gradients in veins, the causes of the gradients, 
and of changes in venous pressure caused by posture, 
by muscular exercise, by arteriovenous shunts, and 
by factors changing venous tone. There are impor- 
tant sections on effective venous pressure in the 
thorax, relationship of blood volume to venous pres- 
sure, and relationship of venous pressure to altitude. 

Various direct and indirect methods for measur- 
ing venous pressure are explained, and the author 
is convincing in presenting the direct methods as 
the more useful. He makes the important point that 
measurements of changes in venous pressure often 
give information when single measurements do not. 
It is no adverse criticism to say that the word 
“primer” in the title, is an understatement when 
twenty pages are spent in dealing with normal va!ues 
of venous pressure. 

Observations of venous pressure contribute to the 
diagnosis and understandinz of many abnormal clin- 
ical states, and the author gives illustrations su: 1 as 
isolated peripheral vein obstruction, with and with- 
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out ollaterals, portal vein obstruction, obstruction 
at t! e heart, and congestive failure. There are use- 
ful »otes on means of demonstrating reversal of 
yen 1s flow, and its clinical significance. The section 
on congestive failure is oriented within the newer 
conc pts of congestive failure. 

H.wever, the author clearly states that all dis- 
ease- have not been considered and that no clinical 
stati has been treated in detail. Nevertheless some- 
thine should have been said about venous pressure 
in p-ripheral phlebitis. Remarkably little is said 
abou varicose veins, perhaps because articles on 
this subject are frequent. One would think the 
author’s forthright style would lend itself very well 
to a competent presentation of the principles under- 
lying this example of excessive venous pressure. 
More information concerning the distribution of 
arteriovenous anastomoses and the major points on 
abnormal venous pulse waves and their clinical sig- 
nificance would seem appropriate. 

Much time can be spent to advantage with this 
book. If it were a little more comprehensive it would 
constitute an excellent standard reference work on 
the subject. It is only fair to state that the author 
does not pretend that it should be. 

Hucu MonrTGcoMERY 


Thrombosis in Arteriosclerosis of the Lower Ex- 
tremities. Edward A. Edwards, M.D. Springfield, 
Charles C Thomas, 1950. 74 pages, 33 figures, 
$2.00. 

The author of this monograph has performed a 
real service in separating occlusion of arteriosclerotic 
arteries by thrombosis from occlusion by the athero- 
sclerotic process alone. The first half of this mono- 
graph is devoted to the etiology, pathology, clinical 
picture and treatment of the patient who develops 
severe ischemia suddenly as the result of a thrombus 
forming in an atherosclerotic vessel. The description 
of the clinical symptoms and signs and course of 
these patients is particularly good. 

It would seem, perhaps, that the author over- 
emphasizes the use of lumbar sympathectomy in 
treating these patients, since it is not uncommon 
to find a considerably improved blood flow in acute 
thrombosis after temporary blocking of sympathetic 
ganglia by paravertebral blocks. The author stresses 
anticoagulant therapy, and there is an excellent dis- 
cussion of its use in acute thrombosis. He also points 
out the fairly common occurrence of venous throm- 
bosis in association with a severely ischemic ex- 
tremiiy. The author feels, and this appears to be 
the p-oper position, that refrigeration of the ischemic 
extre nity should not be used unless the limb is ad- 
judg: | lost and then used, if desired, to control in- 
fectin and pain. One might take exception to the 
impr ssion created in this monograph that conserva- 
tive ‘ eatment of necrotic toes and feet is rarely suc- 
cess! |. Many a necrotic lesion that has seemed im- 
poss’ le to heal has healed with present day simple 


conservative measures. The correlation of the clinical 
findings with the patholozic findings in the case re- 
ports in the latter half of the monograph is instruc- 
tive. 

This monograph is a valuable contribution to the 
literature on arterial thrombosis. It should be read 
by all who have to deal with this common problem. 

Meyer NaIpE 


Blood Clotting and Allied Problems. Transactions 
of the Second Conference. Joseph E. Flynn, M.D., 
Ed. Sponsored by the Josiah Macy, Jr., Founda- 
tion, New York, N. Y. 231 pages, $2.25. 

This volume is a record of the conferences of the 
Josiah Macy, Jr., Foundation on this subject. This 
meeting of a small group of investigators represent- 
ing all branches of science which bear on the prob- 
lem of blood clotting is held in an informal manner, 
with round table discussions for the exchange of in- 
formation and experience. With the accelerated rate 
at which new knowledge is accumulating in the 
various branches of this complicated field, the im- 
portance of such meetings is apparent. The publish- 
ing of the presentations and discussions of these 
conferences is a means of disseminating knowledge 
and ideas to a large number of physicians and scien- 
tists. 

The presentations include the separation and assay 
of a liquid antithromboplastin from human brain, 
blood, plasma and plasma fractions; the chemical 
purification and mode of action of a thromboplastic 
inhibitor; the structure and mechanism of formation 
of the fibrin clot; surface effects on blood coagula- 
tion; zeta-potential studies on the clotting mecha- 
nism; studies on the conversion of prothrombin to 
thrombin; the present status of platelets in coagu- 
lation and the report of clinical studies with a new 
synthetic anticoagulant (Paritol). 

There is a detailed and varied discussion concern- 
ing the standardization of thromboplastin which will 
be of value to the clinician and to laboratory workers 
concerned with the study and management of pa- 
tients with thromboembotic diseases. There is much 
comment regarding the value, shortcomings and 
pitfalls of the one stage method for determining the 
prothrombin time. Accessory substances which af- — 
fect the conversion of prothrombin to thrombin are 
discussed in some detail, and the demonstration of 
prothrombin activation in a purified system without 
accessory substances being present is of importance. 
The need for a more accurate and specific termi- 
nology for dealing with the various phases of the 
subject is evident. The magnitude of the problem is 
illustrated by the fact that at least three sets of 
definitions of a blood clot are possible; “a morpho- 
logical descriptive definition; an operational defini- 
tion; and a specific chemical definition.” The dis- 
cussions by Dr. Knisely are especially interesting 
and pertinent. The great gulf between in vivo and 
in vitro clotting is evident in his description of in 
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vivo experiments on clotting as observed by injury 
to the mammalian mesentery adjacent to small veins. 
The chemistry of isolated clotting is probably quite 
different and less complicated than the reactions in 
vivo which occur after various types of injury. The 
transactions are concluded by a valuable chapter on 
the preparation and use of colored and black back- 
ground lantern slides. 

This volume will be of interest to a few clinicians, 
who are dealing intimately with thromboembolic 
diseases, and to a larger group of laboratory and 
research workers in the field of hematology and the 
branches of science bearing on the problem of blood 
clotting. 

JosEPH B. VANDERVEER 


Factors Regulating Blood Pressure. Transactions 
of the Third Conference. B. W. Zweifach and 
Ephraim Shorr, Eds. Sponsored by the Josiah 
Macy, Jr., Foundation, New York, N. Y., 1949. 
280 pages, 48 figures, 25 tables, $2.25. 

This volume deals with the transactions of a two- 
day conference of 25 investigators representing the 
various sciences concerned with blood pressure and 
blood flow. An effort has been made to preserve the 
informal nature of the discussions. 

The following topics are discussed: peripheral vas- 
cular homeostasis; venous circulation; hemody- 
namics in hypertension; hemodynamics of renal 
circulation; measurement of intra-arterial blood pres- 
sure by capacitance manometer; the differential im- 
pedance recorder for indirect blood pressure meas- 
urement; congestive heart failure; cardiac output 
and peripheral vascular adjustment; role of sympa- 
thetic nervous system in hypertension; cerebral 
blood flow in man in response to cardiovascular 
stress. 

Certainly this volume is an excellent compilation 
of present knowledge in this very important field. 
The information given is basic and much is highly 
technical. The volume will be of most interest to 
investigators and teachers. It seems to the reviewer 
that these conferences present an ideal opportunity 
for true scientific progress. 

RicHarD W. EcksTEIN 


Coronary Circulation in Health and Disease. Donald 
E. Gregg. Philadelphia, Lea & Febiger, 1950. 227 
pages, 73 figures, 12 tables, $4.50. 

The author first shows clearly the importance of 
the coronary circulation in heart disease. The anat- 
omy of the heart and the coronary circulation is 
then discussed. He reviews critically methods, both 
old and new, for the study of the coronary circula- 
tion. There is an excellent description of phasic and 
mean coronary flow in normal and abnormal states. 
He discusses the determinants of coronary flow in- 
cluding action of drugs and nerves upon the coro- 
nary vessels and forcefully stresses the relationship 
between the myocardial metabolic requirement and 


the coronary flow. He gives factual information «on- 
cerning the surgical approach to coronary artery 
disease. His own studies upon the venous drainage 
of the heart are somewhat at variance with pre: ious 
conceptions. The discussion as to the effects of acute 
and chronic coronary occlusion is excellent. Finally 
he discusses the known facts in regard to cai diac 
metabolism and coronary circulation in heart dis. 
ease and heart failure. 

This book will be of value both to the clin’cian 
and the investigator. Dr. Gregg is critical in a'| his 
analyses and this volume is evidence of his e pert 
ability. He brings together the available knowicdge 
in this field and his methods should serve as a stand- 
ard for the proper analysis of future findings. The 
author has filled a real need with this book on the 
coronary circulation. 

RicHarp W. EckstTEIN 


Angina Pectoris and Myocardial Infarction with 
Special Reference to the Autonomous Nervous 
System. Heymen R. Miller, M.D. New York, 
Grune and Stratton, 1950. 336 pages, 63 figures, 
$8.75. 

This book, divided into seven sections and seven- 
teen chapters, is an amplification of the author’s 
previous work on angina pectoris published in 1939 
with inclusions from his book on Central Autonomic 
Regulations in Health and Disease, published in 
1942. 

Almost two-thirds of the space is occupied by 
anatomic, physiologic and psychologic considera- 
tions of pain mechanisms, both cardiac and gen- 
eral. The diagrams are excellent and furnish a useful 
reference source. The literature on this portion is 
very adequately covered, most particularly prior to 
1939. There is considerable statement and restate- 
ment of theories of general autonomic nervous reg- 
ulation and of the clinical applications of such in- 
fluences. However, the author generally omits much 
of the current concepts of dynamic and hormonal 
changes, which may be partially or largely respon- 
sible for the apparent functional alterations which 
he assigns to autonomic nervous influences. 

From the title one might expect ample sugges- 
tions that autonomic nervous impulses influence 
various functional disturbances accompanying myo- 
cardial infarction. It seems that the author often 
strains the point, however, as in such statements as 
“the parasympathetic system appears to keep the 
heart in line...during the autonomic upheaval 
which accompanies the acute onslaught on the 
cardiac apparatus” as explanation of the minimal 
cardiac disturbances in “rare” cases of myoca" lial 
infarction. 

The chapter on electrocardiography includes only 
a skeleton of the current knowledge of localiz:'ion 
of lesions and fails to present any satisfactory ' 
trations of comprehensive unipolar records. 

Unproved generalizations rather than precis¢ 
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scriptions of known factors in the distruleances at- 
tendant on faulty coronary circulation or rnyocardial 
competence tend to cloud the discussions. Such state- 
ments include “a general anatomical upheaval... 
is resposible for the shock, fever, and water bal- 
ance disturbances,” and “The pulmonary apparatus 
has to cvercome two strong influences, sympathetic 
constriction of its vascular bed and parasympathetic 
constric\ion of the bronchial musculatwe- 4 
The chapter on therapy includes a comprehensive 
review of the drugs and technics of proved value, 
althoug 1 as may be expected from the limited space 
availab\e, details of administration, suck 88 a state- 
ment o! safeguards in the use of anticoagulants, 
have been omitted. 


Joun J, SAMPSON 


Diagnosis and Treatment of Cardiovascular Dis- 
ease, ed. 4. William D. Stroud, Ed. Philadelphia, 
F. A. Davis Company, 1950. Two vo‘umes, 2020 
pages, 808 illustrations, 5 color plates, $25.00. 
This encyclopedic work on diagnosis 2nd treat- 

ment of cardiovascular disease is entering its fourth 

edition since 1940. This in itself speaks feT the value 
and the quality of the writing of the 64 centributors. 

Stroud has done an outstanding job in gathering in 

one book so many world authorities in various fields 

of cardiovascular disease. Changes in the list of 
authors are noted since the first editio#- Maude 

Abbott (congenital cardiovascular abnormalities) 

has been succeeded by Rachel Ash, who haS written 

an excellent chapter. Coronary artery disease and 
angina pectoris are covered by W. D. Stroud and 

M. W. Stroud III, replacing Fred Smith. ‘Their ex- 

cellent discussion is predominantly clinical- Irving 

Wright is the author of the chapter on arteioscle- 

rosis, replacing Moschcowitz. Reginald Fit2 is the 

new author of the chapter on periarteritis. +rom- 
boangiitis obliterans is written by Hugh Mont- 
gomery, succeeding Buerger. 

New chapters include “Some Historica! _Com- 
ments Pertaining to Cardiology” by Fredetick A. 
Willius; “Cardiovascular Patient in Pregnar¢Y by 
Burton E. Hamilton; “The Ballistocardiogr4™ by 
Isaac Starr; and “Psychosomatic Aspects of Cardio- 
vascular Disease” by Edward Weiss. = 

Another evidence of progress is the ortission of 
the chapter on “Total Thyroidectomy in ¢he Treat- 
ment of Chronic Heart Disease.’’ While jadioactive 
iodine is mentioned in the treatment of the heart in 
hyperthyroidism, the next edition will r® doubt m- 
clude 1 chapter on the use of radioactive iodine in 
the treatment of chronic heart disease. Many of the 
chapters are monographic and classic in their pres- 
entation. 

The typography and the bindirg are excellent 
and to the publishers much credit is due. The books 
will withstand long and hard usag’ 

The volumes are a must in al’ medical libraries 


and in the libraries of internists and of cardiologists 
in particular. The reviewer is confident that Stroud’s 
work will continue to enjoy the success that it has 
so much deserved over the past ten years. 

Haroup Fern 


A Manual of Cardiology, ed. 2. Thomas J. Dry. 
Philadelphia and London, W. B. Saunders Com- 
pany, 1950. 355 pages, 97 figures. 

This work is an excellent summary of present day 
concepts of cardiology. It is well written, clearly 
outlined, and very readable. The book includes brief 
discussion of the pathologic physiology, symptoms, 
pathology, and laboratory methods of diagnosis. It 
is broad in its coverage of the subject. The work is 
especially recommended to students of medicine but 
the practitioner will profit greatly by studying it. 
The book is clearly printed and the illustrations are 
many and excellent. 

There are a few debatable statements in the text. 
Pistol shot is given as a synonym of Duroziez’ sign; 
the first heart sound is attributed largely to the 
contraction of the ventricular muscle; therapeu- 
tically, sulfocyanates may not be as effective as 
recommended; treatment of intractable angina by 
radioactive iodine and by propylthiouracil has been 
omitted; mercurial diuretics are preferred intrave- 
nously, and the greater safety of intramuscular injec- 
tion is not stressed. 

With these few reservations, the manual is rec- 
ommended. 

Haroup Fein 


La Vectocardiographie. Methode d’exploration du 
champ electrique créé dans le corps humain par 
les courants d’action du coeur dans les conditions 
normales et pathologiques. Pierre W. Duchosal 
and Robert Sulzer. Basle and New York, 8. Karger, 
1949. 172 pages, 88 illustrations, 25 francs (Swiss). 
This monograph on the vectorcardiogram is the 

report of extensive work carried out over a period 

of several years by investigators who are familar 
with previous studies that have been carried out 
and are well qualified to make important contribu- 
tions in this specialized field of electrocardiography. 
The work is divided into four sections in which some 
of the basic physiologic and physical considerations, 
equipment and methods for taking the records in- 
cluding the vectorcardiogram in space, comparisons 
of ordinary standard unipolar extremity and pre- 
cordial curves with tracings derived from the spatial 
vectorcardiogram, and finally examples of these rec- 
ords both normal and abnormal, are presented. 
The authors have constructed models made of 
heavy wire which represent the spatial vectorcardio- 
gram and by projection, using a beam of light with 
parallel rays, have shown that any desired lead, in- 
cluding those from the precordium or esophagus, can 
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be accurately reproduced with proper orientation of 
the wire model with respect to the direction of the 
rays of light. These results, in connection with leads 
where one electrode is close to the heart, are of con- 
siderable interest, since they suggest that the theory 
of an equivalent dipole within the heart is valid for 
semidirect as well as for limb leads and may make 
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ANNUAL MEETING 

The Annual Meeting and Twenty-Fourth 
Scientific Sessions of the American Heart Asso- 
ciation will be held at the Chalfonte-Haddon 
Hall Hotel, Atlantic City, New Jersey, June 
7-10, 1951. All those desiring to attend should 
make room reservations directly with hotels in 
Atlantic City at the earliest possible date. 
Those who wish to present papers at the Scien- 
tific Sessions should submit abstracts in tripli- 
cate, not exceeding 300 words, to E. Cowles 
Andrus, M.D., 24 E. Eager St., Baltimore, Md. 
The abstracts should be sent in no later than 
February 10, 1951. 

ASSOCIATION FOR ADVANCEMENT 

OF SCIENCE 

The 117th Meeting of the American Associa- 
tion for the Advancement of Science will be 
held in Cleveland, December 26-30, 1950. In 
conjunction with the meeting, the Annual Sci- 
ence Exposition will be held in the Arena of 
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